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FOREWORD 


The LACIE Field Measurements project has acquired and assembled one 
of the most comprehensive data sets for agricultural remote sensing research. 
The purpose of this document is to briefly describe the data sets and to 
introduce potential Investigators to the spectral data through a series of 

I 

j 

examples illustrating major sources of variation in the reflectance of wheat 
and several of its confusion crops . 

Requests for further information or -data should be addressed to: 

Chief, Earth Observations Division 
Mail Code SF 

NASA - Johnson Space Center 
Hopston, Texas 77058 
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CROP SPECTRA FROM LACIE 
FIELD MEASUREMENTS 


Major advancements , have been made in recent years in the capability 
to acquire, process, and interpret remotely sensed multispectral measure- 
ments of the energy reflected and emitted from crops, soils, and other 
earth surface features. With the initiation -of experiments such as the 
Large Area Crop Inventory Experiment (LACIE) , the technology is moving 
rapidly toward operational applications (1). There is, however, a continuing 
need for, quantitative studies of .the multispectral characterisitcs of 
crops and soils if further advancements in the technology are to be made. 

In the past, many such, studies were made in the laboratory because of a 
lack of instrumentation suitable for field studies. However, the appli- 
cability of such studies is generally limited. The development of sensor 
systems capable of collecting high quality spectral- measurements under 
field conditions has made it possible to pursue investigations which would 
not have been possible a few years ago. . 

A maj;or effort was initiated, in the fall of 1974 by the NASA/ Johnson 
Space Center j Purdue University /Laboratory for Applications of Remote Sensing, 
and the U.'S. Department of Agriculture to acquire fully annotated and 
calibrated multitemporal sets of spectral measurements and supporting 
agronomic and meteorological data. Spectral, agronomic, and meteorological 
measurements have been made on LACIE test- sites in Kansas and North Dakota 
for three years and in South Dakota for two years. The remote sensing 
measurements include data acquired by 'three truck-mounted spectrometers, a 
helicopter-borne spectrometer, two air-home multispectral scanners, and the 
Landsat-1 and -2 multispectral- scanners. These data are supplemented by an 
extensive set -of agronomic and meteorological data acquired during each 
remote sensing data collection mission. The data collection program is 
illustrated in Figure 1. 

The LACIE .Field Measurements data form one of the most complete and- 
best documented data sets ever acquired for remote sensing research. Thus, 
they are well suited to serve as a data base for research to (1) quantita- 
tively determine the relationship of spectral to agronomic characteristics 
of crops, (2) define future sensor systems, and (3) develop advanced data 
analysis techniques. The data base is undoubtedly the largest of its type 
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Figure 1. Schematic Illustration of LACIE Field Measurements Data Acquisition. 



now available for research purposes. It is unparalled in its comprehensive- 
ness in' terms of sensors and missions over the same sites throughout the 
growing season. The calibration of all multispectral data to a common 

i 

standard is unique. Finally, the kind and quantity of supporting agronomic 
and meteorological data are extensive compared to most remote sensing 
experiments. The data acquisition was planned and monitored by researchers 
planning to analyze the data and the data sets are documented for use by 
multiple Investigations, 

A, Description of Data 

The field measurements test sites are located in Finney County, Kansas; 
Williams County, North Dakota; and Hand County, South Dakota (Figure 2), 

The test sites were chosen to represent as wide a range of important wheat 
production areas as possible, Kansas for winter wheat, North Dakota for 
spring wheat, and South Dakota for the winter-spring wheat transition area. 
Each site consists of a LACIE intensive test 'site (ITS), 5x6 miles in 
size; and in Kansas and North Dakota, an agricultural experiment station. 

The crop, soil, and climatic characteristics of each site are described more 
fully in the Project Plan (2) , 

This report presents examples of the data from the high spectral 
resolution spectrometers , These data have been considered as the primary 
spectral data from the project since they are the most complete and detailed 
in terms of number of missions, spatial resolution, spectral wavelength 
coverage and resolution, and signal/noise ratio. Spectral data and associated 
agronomic and meteorological data acquired by all instruments (Landsat MSS, 
airborne MSS, high resolution spectrometers, and Landsat-band radiometers) 
are available from the LACIE Field Measurements data library located at 
Purdue/LARS, The major characteristics of the spectrometer systems are 
described briefly here and in Table 1. More complete descriptions of the 
sensors, as well as descriptions of the agronomic and meteorological data 
are presented in the Proj ect Plan (2) , 

The Field Spectrometer System (FSS) is mounted on a helicopter and 
acquires data over farmers^ fields in a series of three flightlines over the 
LACIE intensive test sites (ITS) in each of the three counties indicated in 
Figure 2. The FSS is a modified version of the S-191 spectrometer used on 
Sky lab. It acquires data at wavelengths 0.4-2. 4 pm and 8-14 pm. These data 
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Figure 2. Location, of LACIE Field Measurements Test Sites. 
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Table 1. Characteristics of the Spectrometer Systems. 


Characteristic 

NASA/ JSC 
FSS 

Purdue/LARS 
Exotech. 20C 
& NASA/ERL 
Exotech 20D 

NASA/ JSC 
FSAS 

Spectral Range (ym) 

0.4-2. 5, 

0.4-2. 4,. 

0.4-2. 5, 

• 

6.0-16.0 

2.8-13.4 

3-14 

Spectral Resolution @1.0 (pm) 

.025 

.025 

.0064 

Scan Time (scan/sec) 

1 

.033-2.0 

10 

Field of View (degrees) 

. 22 

15 and 3/4 

11 

Boom Length (m) 

• — 

. 8,8 

13,11 


Normal Operational Altitude (m) 


60 


6 


6 



provide a measure of ttie natural variation in the temporal-spectral character- 
istics of wheat and surrounding cover types. 

The truck-mounted spectrometers collected spectra of controlled plots 

at agricultural experiment stations (AES) near the ITS at Garden City, 

Kansas, and Wiliiston, North Dakota. The sensors, which acquire data at 
wavelengths' 0..4-2.4 Field Signature Acquisition System (FSAS) 

operated by NASA/ JSC, Exotech , Model 20C operated by Purdue/LARS, and Exotech 
Model 20D operated by NASA/ERL. These data combined with the more detailed 
and quantitative measurements of .crop and soil conditions which were made on 
■ the AES plots enable analysts to establish the relation of reflectance to 
such factors as leaf area index and biomass i 

The spectral reflectance data are presented in terms of bidirectional 
reflectance factor which is a physical property of the scene or target, 
rather than as radiance which is dependent on the irradiance. The data 
have been calibrated by comparing the response of the instrument viewing 
the target (field) to its response viewing a level reference standard. 

These measurements are in turn related to a laboratory standard of pressed 
barium sulphate having known reflective properties . This approach to 
calibration provides data for which valid miss ion- to-mission and sensor-to- 
sensor comparisons can be made (3) . 

B. Introduction to Example Spectra 

The spectral examples presented illustrate important sources of 
variability in the multispectral reflectance of wheat and differences in 
the spectral response between wheat and its major confusion crops.* 

Some of the factors affecting multispectral reflectance which are include 
ed in the examples are: maturity stage, -amount of vegetation (biomass, 
leaf area index, percent ground cover), soil type, surface soil moisture, 
irrigated vs. dryland, fallow vs. recrop, and nitrogen fertilization. 

In addition to indicating the sources of variability, the curves 
illustrate the manner in which various factors affect spectral response. 


Thermal measurements were collected by the FSS, but are not included in 
the examples because they cannot be combined and averaged in the same 
manner as reflective spectra. 


8 



The spectral reflectance curves are mean values — the average of several 
individual spectra from different locations within a field or test plot, 
and, in most cases, the average of several fields. With the exception of 
the graphs illustrating the variability within and among wheat fields, vari- 
ance information is not presented. The spectral curves, therefore, are 
intended to provide a general representation of scene variability and it would 
be inappropriate tp use the spectral curves to assess, for example, the 
discriminability of wheat from other cover types because only first order 
(mean) statistics are shown. A more sophisticated model involving second 
order (variance, covariance, and correlation) multivariate statistics should 
be used for this problem (4). Quantitative analyses of the data using 
techniques involving second order statistics are currently being conducted 
by several investigators (3, 5). 

Spectra of agricultural cover types presented in this report were 
selected from a much larger data set (Table 2) . During the three years 
of data collection approximately 100,000 individual spectra over more than 
1000 fields or test plots were acquired. There were typically seven to ten 
missions for each test site during each growing season. Thus, the data 
selected for this document represent only a small fraction of the total data 
set. The Data Library Catalog contains information on the location, date, 
scene type, sensor, and identifying observation number of all data (6) . 

Investigators are encouraged to obtain copies of the computer- 
compatible digital tapes for analysis. In addition to the spectral data, 
the digital tapes include complete information describing the conditions 
of the mission (e.g., date, time, heading, altitude, solar elevation^ and 
azimuth angles), meteorological measurements, and agronomic observations 
and measurements of the crop-soil condition. The digital data are 
supplemented by ground- level photographic views of fields and plots, as 
well as aerial photography acquired simultaneously with the spectral 
reflectance measurements. 
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Table 2. Approximate growth stages of wheat at missions when truck- and 
helicopter-borne spectrometer data were acquired. 


Year 


1974-75 Crop 


1975 Crop 


1975-76 Crop 


Site/Crop 


Mission 


Wheat 

Growth Stage 


Finney County, Kansas 
Winter Wheat 


Williams County, N.D. 
Spring Wheat 


Finney County, Kansas 
Winter Wheat 


Oct 

17-20 


Nov 

4-7 


Nov 

23-25 


Mar 

19-22 


Apr 

6-9 


Apr 

24-27 


May 

13-16 


May 

21-24 


May 

30-Jun 

2 

Jun 

8-11 


Jun 

17-20 


Jun 

25-28 


Jul 

5-8 


Jun 

3-7 


Jun 

21-24 


Jul 

9-12 


Jul 

18-21 


Jul 

27-30 


Aug 

5-8 


Aug 

14- i 7 


Aug 

23-27 


Sep 

1-4 


Sep 

14-17 


Oct 

2-6 


Oct 

20-23 


Nov 

11-12 


Mar 

13-19 


Mar 

30- Apr 

2 

. Apr 

18-21 


May 

4-7 


May 

14-16 


May 

24-27 


Jun 

11-13 


Jun 

20-21 


Jun 

29-Jul 

2 


Seedling 

Tillering 

Tillering 

Tillering 

Jointing 

Jointing 

Boot 

Heading 

Milk 

Dough 

Ripening 

Mature 

Post Harvest 

Seedling 

Tillering 

Boot 

Heading 

Headed 

Milk-dough 

Ripening 

Mature 

Post Harvest 

Pre-emergence 

Seedling 

Seedling 

Tillering 

Tillering 

Tillering 

Jointing 

Pre-Boot 

Boot 

Heading 

Dough 

Ripening 

Mature to 

Post harvest 
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Table 2. (continued) 


Year 


1976 Crop 


1975-76 Crop 


1975-76 Crop 


Site/Crop 


Mission 


Wheat 

Growth Stage 

Williams County, N.D. 

May 

10-14 


Emergence 

Spring Wheat 


May 

28-30 


Seedling 



Jun 

15-17 


Jointing 



Jun 

25-27 


Boot 



Jul 

4-8 


Heading 



Jul 

13-17 


Dough 



Jul 

20-23 


Ripening 



Jul 

28-31 


Mature 



Aug 

6-12 


Harvest 



Aug 

17-20 


Post Harvest 

Hand County, 

S.D. 

Oct 

15-16 


Emergence 

Winter Wheat 


Oct 

22-30 


Seedling 



Nov 

5-6 


Tillering 



May 

10-16 


Stem Extension 



Jun 

1-4 


Heading 



Jun 

19-23 


Dough 



Jul 

8-10 


Harvest 



Jul 

31-Aug 

4 

Post Harvest 

Hand County, 

S.D. 

Oct 

15-16 


Not planted 

Spring Wheat 


Oct 

22-30 


Not planted 



Nov 

5-6 


Not planted 



May 

10-16 


Tillering 



Jun 

1-4 


Boot 



Jun 

19-23 


Headed 



Jul 

8-10 


Ripening-Ripe 



Jul 

31-Aug 

4 

Post Harvest 





C. References 
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Revised and re-issued 1976-77. 
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‘Field Measurements, LARS Contract Report 112677, Laboratory for 
Applications of Remote Sensing, Purdue University, West Lafayette, 
Indiana. 

4- D.A, Landgrebe, An Essay on the Discrimination of Crop Spectra. In 
Crop Spectra Workshop Report, Februar.y 1-3, 1977, Sterling, Virginia, 

5. Malila, W,A. and J.M, Gleason. 1977. Investigations of Spectral 
Separability of Small .Grains, Early Season Wheat Detection, and 
Multicrop Inventory Planning. ERIM Report 122700-34-F, Environmental 
Research Institute of Michigan, Ann Arbor, Michigan. 

6. -LACIE Field Measurements, Data Library Catalog: Volume I, 1974-75 
Data; Volume II, 1975-76 Data; and Volume III, 1976-77 Data. 


12 



Table 2. (continued) 


Year 

Site/Crop 

Mission 

Wheat 

Growth Stage 

1976 Crop 

Williams County, N.D. 

May 10-14 

Emergence 


Spring Wheat 

May 28-30 

Seedling 



Jun 15-17 

Jointing 



Jun 25-27 

Boot 



Jul 4-8 

Heading 



Jul 13-17 

Dough 



Jul 20-23 

Ripening 



Jul 28-31 

Mature 



Aug 6-12 

Harvest 



Aug 17-20 

Post Harvest 

1975-76 Crop 

Hand County, S.D. 

Oct 15-16 

Emergence 


Winter Wheat 

Oct 22-30 

Seedling 



Nov 5-6 

Tillering 



May 10-16 

Stem Extension 



Jun 1-4 

Heading 



Jun 19-23 

Dough 



Jul 8-10 

Harvest 



Jul 31-Aug 4 

Post Harvest 

1975-76 Crop 

Hand County , S.D. 

Oct 15-16 

Not planted 


Spring Wheat 

Oct 22-30 

Not planted 



Nov 5-6 

Not planted 



May 10-16 

Tillering 



Jun 1-4 

Boot 



Jun 19-23 

Headed 



Jul 8-10 

Rip ening-Rip e 



Jul 31-Aug 4 

Post Harvest 
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II. Kansas Winter Wheat Examples 
A. Variation Within Winter Wheat 



REFLECTHNCE OF IRRIGRTED WINTER WHERT 
RT DIFFERENT NRTURITY STRGES 


LOCRTION: FINNEY COUNTY, KRNSflS 

SENSOR* FSS DRTE* 1974-75 


* TILLERING NOVEMBER 5 



« AVERAGE OF 10 FIELDS. 


/H,}3 

n 

• INTErVTJONALLT 
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REFLECTANCE OF DRYLAND WINTER WHEAT 
AT DIFFERENT MATURITY STAGES 


LOCBTION!- FINNEY COUNTY, KflNSRS 
SENSOR’ FSS DOTE’ 1975-76 


« TILLERING OCTOBER 21 



K fiVERRGE Of 9 FIELDS. 


16 



BIDIRECTIONfiL REFLECTPlNCE FRCTOR 


REFLECTANCE OF WINTER WHEAT PLOTS 
WITH DIFFERENT GROUND COVERS 

LOCRTION^ GARDEN CITY. KANSAS 
SENSOR: EXOTECH MODEL 200 DATE* 1975 


COVER HEIGHT 

r/.) ICH) 

» 0 - 25 9 



« RVERHGES OF 7 . 10. 10, AND 10 PLOTS. RESPECTIVELY. 


17 - 



BIDIRECTIONfiL REFLECTPlNCE FACTOR 


REFLECTRNCE OF WINTER WHERT PLOTS 
WITH DIFFERENT GROUND COVERS 


LOCRTION* GRROEN CITY, KRNSRS 
SENSOR: FSR5 ORTE* 1976 


LEAF AREA DRY 

INDEX COVER BIOMASS HEIGHT 
r/.) (GM/SQ METER) (CM) 



0.4 0.6 0.9 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 


WAVELENGTH ( M I CROMETERS ) 


flVERRGES OF 8. 9, 10. RND 1 PLOTS. RESPECTIVELY. 
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BIDIRECTIONPL REFLECTANCE FACTOR 


REFLECTRNCE OF WINTER WHERT PLOTS 
WITH DIFFERENT LERF RRERS 


LOCRTIONs GRRDEN CITY, KfiNSflS 


SENSOR^ FSflS 


DRTE! 1976 

■ 

LEfiF flREfi 


DRY 


INDEX 

COVER 

Biomss 

HEIGHT 


(X) 

(GM/SQ METER) 

(CM) 

*0.00-0.5 

25 

19.4 

14 

0.51-1.0 

55 

87.9 

28 

1.01-1.5 

70 

310,0 

58 

1.51-2.0 

65 

375.0 

59 

2,01-3.0 

75 

507.2 

70 


50 J. 


40 i 



WflVEUENGTff .-t MICROMETERS I 


» fiVERfJGES OF 7. 7, 7, 7, AND 2 PLOTS. RESfEDTIVELY. 



BIDIRECTIONRL REFLECIRNCE FACTOR 


ReFLECTRNCt; OF WHERT FIELDS 
WITH DIFFERENT SOIL TYPES 


LOCRTION: FINNEY COUNTY, KRNSfiS 

SENSOR^ FSS-.. DRTE= OCTOBER 21, 1975 . 


* RICHFIELD SILT LORN 

RICHFIELD-SPEflRVILLE COMPLEX 



WRVELENGTH ( M I CROMETERS } 


* RVERfiGES OF 6, 2. RND 1 FIELD. RESPECTIVELY. • 
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BIDIRECTIONPIL REFLECTANCE FACTOR 


REFLECTANCE OF WHEAT FIELDS 
WITH DIFFERENT SOIL MOISTURE 


LOCATION! FINNEY COUNTY. KANSAS 
SENSOR! FSS DATE' OCTOBER 21, 1975 


* DflllP 



WAVELENGTH (MICROMETERS) 


» flVERRGES OF 2 FIELDS. 
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BIDIRECTIONfiL REFLECTfiNCE FfiCTOR 


REFLECTRNCE OF WHEAT FIELDS' 
WITH DIFFERENT SOIL MOISTURE 


LOCnnON= FINNEY COUNTY. KflNSfiS 
SENSOR' .FSS DOTE' ITRRCH 18, 1976 



WHVELENGTH (MICROMETERS) 


* RVERflCES Q? 2 FIELDS. 
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BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF NINTER WHEAT 
DUE TO IRRIGATION PRACTICES 


LOCATIONS FINNEY COUNTY, KANSAS 
SENSOR: Fss DATE: NOVEMBER -5, 1974 


* IRRIGRTED 



mVELENGTH (MICROMETERS) 


» nvERRGES OF 10 RND 2 FIELRS. RESPECTlVEir. 


23 



BIDIRECTrONnL REFLECTRNCE FRCTOR 


DIFFERENCE IN REFLECTfiNCE OF WINTER' WHEAT 
DUE TO IRRIGATION PRACTICES 


LOCflTI-.ON: FINNEY COUNTY. KRNSflS 

SENSOR’! FS5 ORTE* APRIL 8. 1975 



HflVELENGTH (■MICROMETERS) 


■ RVERflGES OF 10 RND 2 FIELDS. RESPECTIVELY. 

24 



BIDIRECTIONfiL REFLECTlBNCE FnCTOR 


DIFFERENCE IN REFLECTRNCE OF WINTER WHERT 
DUE TO IRRIGRTION PRRCTICES 


LOCfiTIOM= FINNEY COUNTY, KflNSRS 
SENSOR! FSS DATE'! MRY U, 1975 



WAVELENGTH .(MICROMETERS) 


■ fiVERRCES OF 10 AND 2 FIELDS, RESPECTIVELY. 

25 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE' IN REFLEETR'NCE 'QF WINTER WHEfil 
DUE' TO IRRIGOTTON PRACTICES 


LOCDTIONi FINNEY COUNTY, KRNSfiS 
SENSORS FSS ‘ DRTEs JUNE 9, 1975 



WAVELENGTH C M I CR0HETER3 ) 


« fiVEflflCES OF 10 RND 2 FIELDS. fiESPECTlVELY, 

26 



BIDIRECTIONRL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE OF WINTER WHERT 
DUE TO IRRIGRTION PRRCTICES 


LOCATION! FINNEY COUNTY. KANSAS 
SENSOR! FSS DATE! JUNE 17, 1975 



WWELENGTH CI11CR0METERS) 


i* fiVERAGES OF 10 AND 2 FIELDS, RESPECTIVELY. 


27 



BIDIRECTIONfiL REFLECTRNCE FfiCTOR 


DIFFERENCE' IN' REFLECTfiN.CE OF WTNTER, W,HERT 
DUE TO ' IRRIGfiTIOM PRACTICES 


LOCRTION^ FINNEY COUNTY, KRNSRS 
SENSOR- FSS DRIES JUNE 26, 1975 


IRRIGATED 



WAVELENGTH ' {MICROMETERS) 


» RVERflGES OF 10 RND 2 FIELDS. RESPECfIVELY. 


28 



BIDIRECTIONAL. REFLECTPINCE FACTOR 


DIFFERENCE IN REFLECTRNCE OF WINTER WHEAT 
DUE TO IRRIGATION PRACTICES 


LOCATIONS 
SENSOR* F3S 


FINNEY COUNTY. KANSAS 

DATE* OCTOBER 21. 1975 


* DRYLAND 



» AVERAGES OF 9 AND 3 FIELDS, RESPECTIVELY. 


29 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE OF N INTER WHERT 
DUE TO IRRIGRTION PRRCTICES 


LOCATION" FINNEY COUNTY, KANSAS 
SENSOR: FSS DATE: MARCH 18, 1976 



WfiVELENGTH (MICROMETERS) 


» nVERflGES OF 9 RNO 3 FIELDS. RESPECTIVELY'. 


,30 



BIDIRECTIONfiL REFLECTfiNCE FACTOR 


DIFFERENCE IN REFLECTANCE OF WINTER WHERT 
DUE TO IRRIGATION PRACTICES 


LOCRTIONs FINNEY COUNTY, KRNSflS 
SENSOR^ FSS DRTE= RPRIL 18, 1976 



WflVELENG TH (MI CROMETERS ) 


W fiVEflRGES OF S fiNO 3 FIELDS. RESPECTIVELY. 

31 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF WINTER WHEAT 
DUE TO IRRIGATION PRACTICES 


LOCRTION* 
SENSOR^ FSS 


FINNEY COUNTY, KRNSRS 

DRTE* MRY 6, 1976 


5K DRYLAND 



* fiVERRGES OF 9 RNO 3 FrELOS. RESPECTIVELY. 
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BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF WINTER WHEAT 
DUE TO IRRIGATION PRACTICES 


LOCATION! FINNEY COUNTY, KANSAS 
SENSOR! FSS DATE! JUNE 12, 1976 



WAVELENGTH (MICROMETERS) 


■ RVERflGES OF 9 RND 3 FIELDS. RESPECTIVELY. 

33 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF WINTER WHEAT 
DUE TO IRRIGATION PRACTICES 


LOCRTION! FINNEY COUNTY, KANSAS 
SENSOR* F35 DATE* JUNE -30, 1976 


60 -J- 

50 .. 


« DRYLAND 
IRRIGATED 



WAVELENGTH {MICROMETERS) 


* aVERflCES OF 9 RNO 3 FIELDS. RESPECTIVELY, 

34 



BIDIRECTIONfiL REFLECTRNCE FRCTOR 


REFLECinNCE OF SEVERRL VRRIETIES 

OF NINTER WHERT 


LOCATIONS FINNEY COUNTY, KANSAS 
SENSORS EXOTECH MODEL 200 DATE^ APRIL 16, 1975 


* CENTURK 

SRGE 



WRVELENGTH [MICROMETERS) 


* flVElWGES OF 3 PLOTS. 


35 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTRNCE OF SEVERRE VARIETIES 

OF WINTER WHERT 


LOCATION" GARDEN- CITY, KANSAS 
SENSOR" EXOTECH NOOEL 200 DATE" APRIL 29. 1975 


* CENTURK 



WAVELENGTH (MICROMETERS) 


■ AVERAGES OF 3 PLOTS. 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTANCE OF SEVERAL VARIETIES 

OF WINTER WHEAT 


LOCftnON! GRRDEN CITY, KANSAS 
SENSOR: EXOTECH MODEL 200 DHTE= MAY 20. 1975 


* CENTURK 



» flVERRGES OF 3. 2, AND 3 PLOTS, RESPECTIVELY, 


37 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTRNCE OF SEVERAL VARIETIES 

OF WINTER WHEAT 


LOCRTION: GRRDEN CITY. KANSAS 

SENSOR" EXOTECH MODEL 20D DATE" JUNE 4. 1975' 


* CENTURK 



» nVERfiGES OF 2, 3. RND 3 PLOTS. RESPECTIVELY. 



BIDIRECTIONAL REFLECTfiNCE FACTOR 


REFLECTANCE OF SEVERAL VARIETIES 

OF WINTER WHEAT 


LOCATION" GARDEN CITY. KANSAS 
SENSOR" EXOTECH MODEL 200 DOTE" JULY 4, 1975 


* CENTURK 



* flVERRGES OF 2, 3, AND 3 PLOTS. RESPECTIVELY. 

39 



REFLECTANCE OF SEVERAL VARIETIES 

OF WINTER WHEAT 


LOCATION* GARDEN CITYi KANSAS 
SENSOR* FSOS DATE* APRIL 1. 1976 


* EHGLE 



WfiVELENGTH (MICROMETERS) 



REFLECTnNCE OF SEVERRL VARIETIES 

OF NINTER WHEAT 


LOCRTION! GRRDEN CITY, KRNSRS 
SENSOR: fSRS DRTE: MRY 1, 1976 


* EHGLE 



41 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTANCE OF SEVERAL VARIETIES 

OF WINTER WHEAT 


LOCRTION! GRRDEN CITY, KflNSRS 
SENSOR! FSfiS DATE! MAY 17, 1976 


* EHGLE 

SBTflNTfl 



WAVELENGTH t MICROMETERS) 


» AVERAGES OF 2. 2. 1. AND 2 PLOTS. RESPECTIVELY. 


42 



REFLECTRNCE OF SEVEP'^RL VRRIETIES 

OF WINTER WHERT 


LOCATION: GHROEN CITY. KANSAS 

SENSOR: FSflS DATE: MAY 29, 1376 


* EAGLE 



43 



BIDIRECTIONPlL REFLECTANCE FACTOR 


REFLECTRNCE OF SEVERRL VARIETIES 

OF WINTER 'WHERT 


LOCRTION' GARDEN CITY, KANSAS 
SENSOR! FSflS DATE: JUNE 10. 197.6 


* EAGLE 
SHTANTR 



WAVELENGTH (MICROMETERS) 


•AVERAGES OF 2 PLOTS. 


44 





BIDIRECTIONnL REFLECTftNCE EfiCTOR 


)IFFERENCE IN REFLECTRNCE OF WINTER WHEfiT 
DUE' TO RESIDUE MRNfiGEMENT 


LOCRTIONs GARDEN GITY,' KANSAS 
SENSOR' EXOTECH MODEL 200 ' DATE' APRIL- 17, 1975 


» REMOVAL 



« RVEBnCES OF 2 PLOTS. 


45 



BIDIRECTIONAL REELECTfiNCE FACTOR 


DIFFERENCE IN REFLECTANCE OF WINTER WHEAT 
DUE -TO RESIDUE MANAGEMENT 


LOCRTION^ GRROEN CITY. KRNSRS 
SENSOR^ EXOTECH MODEL 200 ORTEj RPRIL 30. 1975 


* REMOVAL 
SHREDDING 



0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2-4 

WAVELENGTH (MICROMETERS) 


» flVEflflGES OF 2 PLOTS. 


46 



DIFFERENCE IN REFLECTRNCE OF WINTER WHEAT 
DUE TO RESIDUE MANAGEMENT 


LOCATION^ GARDEN CITY. KANSAS 
SENSOR: EXOTECH MODEL 20D DATE* MAY 26. 1975 


^ REMOVfiL 



■ flVERRGES OF 2 PLOTS. 


47 



DIFFERENCE IN REFLECTANCE OF WINTER WHEAT 
DUE TO RESIDUE MANAGEMENT 


LOCATION: GARDEN CITY. KANSAS 

SENSOR' EXOTECH MODEL 200 ' . DATE' JUNE 11. 1975 


* REMOVHL 
SHREDDING 



« flVEflflGES OF 2 PLOTS. 


48 



VARIABILITY IN REFLECTANCE 
AMONG WINTER WHEAT FIELDS 


LOCATION' FINNEY COUNTY, KANSAS 
SENSOR: FSS DATE' APRIL 8, 1975 


FIELD 369 



49 



BIDIRECTIONAL REFLECTANCE FACTOR 


VARIABILITY IN REFLECTANCE 
AMONG WINTER WHEAT FIELDS 


LOCATION! FINNEY COUNTY. KANSAS 
SENSOR: FSS DATE: JUNE 17. 1975 


FIELD 359 
FIELD 178 



WAVELENGTH (MICROMETERS) 


50 



BIDIRECTIONAL REFLECTANCE FACTOR 


VRRIRBILITY IN REFLECTRNCE 
RMONG WINTER WHERT FIELDS 


LOCRTION! FINNEY COUNTY, KRNSfiS 
SENSOR! FSS DATE! NRRCH 31, 1976 


FIELD 221 



51 



BIDIRECTIONAL REFLECTANCE FACTOR 


VHniHDiLiii iiN nnrLLu I MiMuc 

AMONG WINTER WHEAT EIELDS 

LOCATION! FINNEY COUNTY, KANSAS 
SENSOR: FSS DATE: JUNE 12, 1976 


FIELD 221 
FIELD 124 



0.4 0.6 0.8 1.0 1.2 1.4 . 1.6 1.8 2.0 2.2 2.4 


Nfi VELENGTH ( M I CROMETERS ) 


52 



VRRIflBILITY IN REFLECTANCE 
N I THIN fl N INTER WHEAT FIELD 


LOCflriON: FINNEY COUNTY, K0NSNS 

SENSOR: FSS - DRTE= APRIL 8, 1975 

FIELD: .203 


SCAN ONE 



53 



VRRIRBILITY IN REFLECTRNCE 
WITHIN R WINTER WHERT FIELD 


LOCnnON= FINNEY COUNTY, KRNSRS 
SENSOR! FSS DfiTE* JUNE 17, 1975 

FIELD! 203 


SCRN ONE 



54 



BIDIRECTIONnL REFLECTANCE FACTOR 


VflRIRBILITY IN REFLECTRNCE 
WITHIN R WINTER WHERT FIELD 


LOCATION' FINNEY 0OUNTY, KANSAS 
SENSOR' FSS ■ ■ DATE' NARCH 31, 1976 

FIELD 149 


SCRN ONE 



55 



BIDIRECTIONfiL REFLECTANCE FACTOR ('/.) 


VHKlHblLllY IN hihhLti: I HNUt 
WITHIN R WINTER WHERT FIELD 


LOCRTION' FINNEY COUNTY, KRNSRS 
SENSOR* FSS DATE* JUNE 12» 1976 

field 149 



56 



II. Kansas Winter Wheat Examples 

B. Variation Between Winter Wheat and 
Other Crops 


mtQ'ZWf:. 





BIOrRECTIONAL REFLECTPlNCE FACTOR 


DIFFERENCE IN REFLECTANCE 
DUE TO COVER' TYPE 


LOCATION! FINNEY COUNTY, KANSAS 
SENSOR! FSS DATE! NOVEMBER 5, 1974 


*ORYLHND WHEHT 
IRRIGATED WHEAT 



» fiVERAGES OF 2, 10, 3. 1, RNO 2 FIELDS. RESPECTIVELr, • 

59 „ 

fc-ENTlOWAilDf BCAtlK. 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCATION! FINNEY COUNTY,' KANSAS 
SENSOR! FSS DATE! APRIL 8, 197S 


*DRYLflND WHEAT 
IRRIGATED WHEAT 



« RVERRGES OF 2, 10. 3, 1. AND 3 FIELDS. RESPECTIVELY. 


60 



BIDIRECTIONRL REFLECTRNCE FRCTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCRTION^ FINNEY COUNTY, KRNSRS 
SENSOR* ESS DRTE* MRY 14, 1975 


5<^DRYLnND NHERT 

IRRIGATED 'WHEAT 



WAVELENGTH (MICROMETERS) 


* ftVERflCES OF 2. 10. 3. 1. RND 3 FIELDS, RESPECTIVELY. 

61 



BIDIRECTIONAL REFLECTPlNCE FACTOR 


DIFFERENCE IN REFLECTANCE 
DUE TO COVER TYPE 


LOCRTION: FINNEY COUNTY. KRNSRS 

SENSOR! FSS DATE! JUNE 17, 1975 



WAVELENGTH ( M I CROflETERS ) 


» avERfiGES OF Z, lOr 3, 1. 3. RND 10 FIELDS. RESPECTIVELY. 


62 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCnTION= FINNEY COUNTY, KANSAS 
SENSOR" FSS DRTE" JUNE 26? 197,5 


^DRYLAND WHEAT 
IRRIGRTED WHEAT 



0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 


WAVELENGTH ( mCROMETERS ) 


» flVERflGES OF 2, 10. 3, 1. 3, RNO 10 FIELDS. RESPECTIVELY. 


63 



BIDIRECTIONRL REFLECTRNCE FfiCTOR 


DIFFERENCE IN REELECTRNCE 
DUE TO COVER TYPE 


LOCRTION* FINNEY COUNTY, KRNSRS 
SENSOR- ESS DRTE= OCTOBER 21, 1975 


^DRYLAND WHEAT 
IRRIGATED WHEAT 



WAVELENGTH • K MICROMETERS I 


* fiVERRGES OF 3* 3. ftNO 10 FIEIiDSi.'lReSPeO'PIVECi^ijn Ot OHR .£ ,i ,£ .S ^0 £3Dflfl3VR a 

64 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTHNCE 
DUE TO COVER TYPE 


LOCRTION= FINNEY COUNTY, KfiNSRS 
SENSOR: FSS DRTE: MRRCH 18, 1976 


^DRYLAND WHEAT 
IRRIGATED WHEAT 



. WAVELENGTH . ■ . (.MTCROMETERS 3 


» fiVERflGES OF g. 3, RND 10 FIELDS, RESPECTIVELY,, - 


65 



BIDIRECTIONAL-REFLECTRNCE FACTOR 


DIFFERENCE IN- REELECTRNCE 
DUE TO COVER TYPE 


LOCnnON^ FINNEY COUNTY, XRNSnS 
SENSOR- FSS DflTE= APRIL 18, 1976 


*DRYLfiND WHEAT 
IRRIGATED WHEAT 



’ ' 'WflVEEENG-TH: , . i MT EROMETERS ) 


» fiVERRGES OF 9, 3. AND IQ FIELDS, RESPECnVEbY,.. . . • . ” - ' • 


66 



DIFFERENCE' IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCATION' FINNEY COUNTY, KANSAS 
SENSOR' FS3 DATE' MAY 6, 1976 


60. T 



*ORYl_RND WHERT 
IRRIGRTED WHERT 
FOLLOW 




i 1 1 1 1 H 

2.0 2.2 2.4 


* AVERAGES OF 9. 3. AND !□ FIELDS. RESPECTIVELY. 

’ 67 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCATION" FINNEY COUNTY, KANSAS 
SENSOR" FSS DATE" JUNE 12, 1976 


*DRYLflND WHEHT 
IRRIGATED WHEAT 



WAVELENGTH (MICROMETERS) 


» flVERRGES GF 9, 3, 10. 3. AND 7 FIELDS. RESPECTIVELY. 



BIDIRECTIONfiL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCnTIGN*' FINNEY COUNTY, KONSRS 
SENSOR- ESS ■ DRTE= JUNE 30, 1976 


*DRYLRNO WHERT 

IRRIGATED WHEAT 



0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 


WAVELENGTH ^MICROMETERS ) 


« fiVERRGES OF 9. 3. 10, 3. fiND 7 FIELDS. RESPECTIVELY. 


69 



BIDIRECTIQNRL REFLECTRNCE FRCTOR 


REFLECTRNCE OF N INTER WHERT 
RND OTHER 5MRLL GRRINS 


LOCATION' GARDEN CITY, KANSAS 
SENSOR' EXOTECH MODEL 20D DOTE' APRIL 9. 1975 


K EfiRLr HHEHT 



WHVELENGTH ( M I CROMETERS ) 


70 



REFLECTANCE OF WINTER WHEAT 
AND OTHER SMALL GRAINS 


LOCnilON' GARDEN CITY, KRNSRS 
SENSOR! EXOTECH MODEL 20D . DATE! APRIL 23, 1975 . 


* EARLY WHEAT 



« RVERflGES OF 2 PLOTS. 


71 , 



BIDIRECTIONAL' REFLECTfiNCE FACTOR 


REFLECTANCE OF W.INTER WHERT 
AND OTHER SHALL GRAINS 


LOCRTION> GARDEN CITY, KANSAS 
SENSOR! EXOTECH MODEL 20D DATE! APRIL 28, 1975 


* EHRLY WHEAT 



» RVERfiGES OF 2 PLOTS. 


72 



REFLECTANCE OF WINTER WHEAT 
AND OTHER SMALL GRAINS 


LOCRTION" GARDEN CITY, KANSAS 
SENSOR* EXOTECH MODEL 200 DATE* MAY 15, 1975 


* EFIRLY WHEAT 



* fiVERRGES OF Z. 2. 1. 2, AND 2 PLOTS. RESPECTIVELY. 


73 



REFLECTANCE OF WINTER WHEAT 
AND OTHER SMALL GRAINS 


LOCATION' GARDEN CITY, KANSAS 
SENSOR' EXOTECH MODEL 20D DATE' JUNE 3. 1975 


* EARLY WHEAT 



* AVERAGES OF 2, 2. 1. 2. AND 2 PLOTS. RESPECTIVELY. 


74 



BIDIRECTIONfiL REFLECTPNCE FACTOR 


REFLECTRNCE OF NINTER UHEflT 
AND OTHE-R SMALL GRAINS 


LOCfiTIQNs GARDEN CITY, KANSAS 
SENSOR' EXOTECH MODEL 20D DATE' JUNE 15, 1975 


* EARLY WHEAT 
RYE 



0.4 0.6 0.8 1;0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 


WAVELENGTH (MICROHETERS) 


* fiVERHGES OF 2, 2. 1. 1. fiND 2 PLOTS. RESPECTIVELY. 


75 



BIDIRECTIONAL REELECTANCE FACTOR 


REFLECTRNCE OF WINTER WHEAT 
AND OTHER SHALL GRAINS 


LOCHTION' GARDEN CITY, KANSAS 
SENSOR- EXOTECH NODEL 20D DATE- JUNE 29, 1975 


* EARLY MHERT 
RYE 



» AVERAGES GF 2 PLOTS. 



BIDIRECTIONfiL REFLECTANCE FACTOR 


REFLECTANCE OF WINTER WHEAT 
AND OTHER SUfiLL GRAINS 


LOCR'TION= GARDEN CITY, KANSAS 
SENSOR' EXOTECM MODEL 200 ■ DATE' JULY 4, 1975 


* EARLY WHEAT 



0.4’ 0.6 0.8 1.0 A.2 - t.A 1.6 1.8 2.0 2.2 2.4 

•WAVELENGTH ( MICROMETERS 3 


■ AVERAGES OF 2 PLOTS. 


77 



BIOIRECTIONnL REFLECTANCE FACTOR 


REFLECTRNCE OF WINTER WHEAT 
AND OTHER SMALL GRAINS 


LOCATION' GARDEN CITY, KANSAS 
SENSOR' FSAS DATE' APRIL 1, 1976 


» WHEAT 

RYE 



WAVELENGTH (MICROMETERS) 


■* BVEmceS OF 3. I. I. HNO I PLOTS. RESPECTIvaY. 

78 



IDIRECTIONRL REFLECTP,NCE EfiCTOR 


RErLECTRNCE OF WINTER WHER7 
RND OTHER SMRLL GRRINS 


LOCnnON: GRRDEN CITY. KRNSRS 

SENSOR.! F5R5 ORTE: MRY 1. 1976 


* WHEAT 

RYE 

60 T BARLEY 

TRiriCALE 


50 


40 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTnNCE OF WINTER WHERT 
RND OTHER SMOLL GRRINS 


LOCflTIDN= GRRDEN CITY, KfiNSRS 
SENSOR = FSfiS DRTE- hfiY 17, 1976 


* WHEAT 



WAVELENGTH ( M I CRONETERS ) 


■ averages of 7, 1, 2. AND 2 PLOTS. RESPECTIVELY. 


80 



BIDIRCCTIONPL REFLECTPlNCE FACTOR 


REFLECTfiNCE OF WINTER WHERT 
RND OTHER SMfiLL GRRINS 


LOCATION.' GARDEN CITY, KANSAS 
SENSOR' FSfiS DATE' MAY 29, 1976 


* WHEAT 

RYE. 



WAVELENGTH' (MICROMETERSI 


» flVEnflGES OF 4» 1. 1. AND 1 PLOTS. RESPECTIVELr. 

81 



BI DIRECT I OKfPiL REFLECTPiNCE FBCTOR 


REFLECTANCE OF WINTER WHEAT 
AND OTHER SMALL GRAINS • 


LOCATION! garden CITY, KANSAS 
SENSOR: FSnS DATE: JUNE 10, 1976 


* WHEAT 
RYE 



* AVERAGES OF 4. 1. J, RNO 1 PLOTS. RESPECTIVELY. 

82 



111. 

A. 


Horch Dakota Spring Vheat Exanplea 
Variation Hithln Spring Ifheat 




b 


« * 



BIDIRECTIONRL REFLECTPiNCE FACTOR 


REFLECTANCE OF SPRING WHEAT 
AT DIFFERENT MATURITY STAGES 


LOCfiTION: WILLIRMS COUNTY, NORTH DRKOTR 

SENSOR* FSS DRTE* 1975 


^EMERGENCE JUNE 5 



v'»>^«E^NTF.WTlOWALLY BLANK 
» BVERflGES OF 0. 9. 9. 5. RND 9 FIELDS. RESPECTIVELY. 

85 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTRNCE OF SPRING WHERT 
AT DIFFERENT MATURITY STAGES 


LOCRTION! WILLIRMS COUNTY. NORTH DflKOTfi 
SENSOR" FSS DATE" 1976 


•EMERGENCE HRY 23 

TILLERING JUNE 17 



WAVELENGTH (MICROMETERS) 


■ flVERfiCE OF 3 FIELDS. 



BIDIRECTIONfiL REFLECTPiNCE FfiCTOR 


REFLECTRNCE OF SPRING WHEAT PLOTS 
WITH DIFFERENT LEAF AREAS 


LOCnnON" WILLISTON, NORTH DfiKOTH 
SENSOR* EXOTECH MODEL 20C DRTE* 1975 


LEAF AREA DRY 

INDEX COVER BIOHRSS HEIGHT 
[■/,) (Gfl/SQ METER] (CM) 



WAVELENGTH I M I CROMETERS ) 


«fiVERRGES OF 7. 7. 7. 7. AND 4 PLOTS. RESPECTIVELY. 

87 



BIDIRECTrON^L RErLECTRNCE FRCTOR 


REFLECTRNCE OF SPRING NHERT PLOTS 
WITH DIFFERENT LERF RRERS 


L0CnTI0N= WILLISTON, NORTH DRKOTfl 
SENSOR ■ EXOTECH MOOEL 20C DRTE^ 1976 


LEAF AREA 
INDEX 

COVER 

DRY 

BIOMASS 

HEIGHT 


m 

(GM/SQ METER) 

(CM) 

0.0-0.49 

9 

10.7 

IB 

0.5-0.99 

28 

46. 1 

25 

1.0-1.49 

39 

74.8 

29 

1.5-1.99 

46 

132.2 

38 

2.0-2.49 

57 

208. 1 

47 


50 1 




-H 1 1 f H- 

1,4 1.6 1.8 




H h— H 1 1 1- 

2.0 2.2 2.4 


WRVELENGTH {MICROMETERS) 


»flVenRGES OF 7 PLOTS. 


88 



DIFFERENCE IN REFLECTANCE OF SPRING WHEAT 
AS SOIL DRIES AFTER A RAIN 


LOCATION! WILLISTON,’ NORTH DAKOTA 
SENSSOR! EXOTECH MODEL 20C DATE' JUNE 3-4, 1976 



* flVCaflGES OF 2 PlJTS. 


89 



BIDIRECTIONRL REFLECTfiNCE FfiCTOR 


DIFFERENCE IN REFLECTANCE OF SPRING WHEAT 

DUE TO PLANTING DATE 


LOCRTION! WILLISTON, NORTH DfiKOTH 
SENSOR! EXOTECH MODEL 20C DATE: JUNE 1 . 1975 


» EARLY 



* flVERRGES OF i PLOTS. 


90 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF SPRING WHEAT 

DUE TO PLANTING DATE 


LOCATION" WILLISTON, NORTH DAKOTA 
SENSOR' EXOTECH MODEL 200 DATE' JULY 10. 1975 


* EARLY 



WRVELENGTH (MICROMETERS I 


« flVERRGES OF 18 PLOTS. 



BIDIRECTIONfiL REFLECTfiNCE FfiCTOR 


DIFFERENCE IN REFLECTRNCE OF SPRING WHEAT- 

DUE TO PLANTING DATE 


LOCRTION: WILLISTON. NORTH DflKOTR 

SENSORi EXOTECH MODEL 20C DHTE> fiLIGUST 12, 1975 


* EARLY 
LATE 



WAVELENGTH (MICROMETERS) 


X fiVERRGES OF 8 PLOTS. 


92 



. BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF SPRING WHERT 

DUE TO PLANTING DATE 


LOCnnON- WILLISTON. NORTH ORKOTH 
SENSOR-' EXOTECH hODEL 20C DHTE= JUNE 4, 1976 


K EBRLY 



» flVERRGES OF 16 PLOTS. 


93 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE OF SPRING WHEAT 

DUE TO PLHNTING DRTE 


LOCATION- 14ILLIST0N> NORTH DAKOTA 
SENSOR* EXOTECH MODEL 20C DATE* JUNE. 18, 1976 


* ERRLY 



WAVELENGTH (MICROMETERS) 


-■ flVEfiSGES OF 16 PLOTS. 


94 



DIFFERENCE IN REFLECTANCE OF SPRING WHEAT 

DUE TO PLANTING DATE 


LOCfiTION: WILLISTON, NORTH DHKOTfl 

SENSOR" EXOTECH MODEL 20C DHTE" JULY 8, 1976 


* EHRLY 



» fiVERflGES OF 8 PLOTS. 


9.5 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF SPRING WHEAT 

DUE TO PLANTING DATE 


LOCRTION= WILLISTON, NORTH DHKOTR 
SENSORi EXOTECH MODEL 20C ORTE= JULY 16. 1976 


* EARLY 



WAVELENGTH (tllCROMETERS) 


•* nVCRfiGES OF 16 PLOTS. 


96 



BIDIRECTIONAL REFLECTANCE FfiCTOR 


DIFFERENCE IN REFLECTANCE OF SPRING WHEAT 

DUE TO PLANTING DATE 


LOCRTION> UILLISTON, NORTH DflKOTR 
SENSOR: EXOTECH MODEL 20C DflTE= AUGUST 6, 1976 


* EARLY 



• f 




X RVERRGES OF 16 PLOTS, 


97 



BIDIRECTIONfiL REFLECTRNCE FRCTOR 


DIFFERENCE IN REFLECTRNCE OF SPRING WHERT 

DUE TO SOIL MOISTURE 

LOCRTION! WILLISTON, NORTH OflKOTH 
SENSOR = EXOTECH MODEL 20C DATE" JULY 10, 1975 



WAVELENGTH (MICROMETERS) 


* flVERflCK OF 16 PLOTS. 


98 



BIDIRECTIONfiL REFLECTRNCE FFlCTOR 


DIFFERENCE IN REFLECTHNCE OF SPRING WHERT 

DUE TO SOIL MOISTURE 


LOCnnON-: WILLISTON, NORTH DRKOTfl 

SENSOR" EXOTECH MODEL 20C ORTE^ RUGUST 12, 1975 


WHEPT IN 1974 



* fiVERHGES OF 8 PLOTS. 


99 



DIFFERENCE LN REFLECTRNCE OF SPRING WHERT 

DUE TO SOIL MOISTURE 


LOCATION^ WILLISTON, NORTH DAKOTA 
SENSOR' EXOTECH MODEL 20C DATE' JUNE 4, 1976 



0.1 O.B 0.8 1.0 , 1.2 1.1 1.6 1.8 2.0 2.2 2.1 


mVELENGTH (MICROMETERS) 


* fiVERAGES or 16 PLOTS. 


100 



BIOIRECTIONPIL REfLECIRNCE FACTOR 


DIFFERENCE IN REFLECTRNCE OF SPRING WHERT 

DUE TO SOIL MOISTURE 


LOCHTION" WILLISTON. NORTH DAKOTA 
SENSOR = EXOTECH MODEL 20C DATE' JUNE 18, 1976 



WAVELENGTH (MICROHETERS) 


* RVERAGES OF 16 PLOTS. 


101 



DIFFERENCE IN REFLECTRNCE OF SPRING WHERT 

DUE TO SOIL MOISTURE 


LOCfiTION! UILLISTON^ NORTH DRKOTfl 
SENSOR^- EXOTECH MODEL 20C DRTE= JULY 8, 1976 


s^FRLLOW IN 1975 
UHERT IN 1975 



» flVEMGES OF 8 PLOTS. 


102 



BIDIRECTIONRL REFLECTRNCE FfiCTOR 


DIFFERENCE IN REFLECinNCE. OF SPRING WHEAT 

DUE TO SOIL MOISTURE 


LOCATIONS WILLI3T0N, NORTH DAKOTA 
SENSOR: EXOTECH MODEL 20C DATE: JULY 16, 1976 


^FALLOW IN 1975 
WHEAT IN 1975 



WAVELENGTH miCROilETERS) 


» fiVERRGES OF 18 PLOTS. 

103 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE OF SPRING WHERT 

DUE TO SOIL MOISTURE 


LOCATION' WILLISTON, NORTH DAKOTA 
SENSOR' EXOTECH MODEL 20C DATE' AUGUST 6, 1976 


*FHLLOW IN 137S 



* flVEfiRGES OF 16 PLOTS. 


104 



BIDIRECTIONRL REFLECTRNCE FRCTOR 


REFLECTRNCE OF SEVERAL VARIETIES’ 

OF SPRING WHEAT 


LOCflTIONi WILLISTON, NORTH DRKOTfl 
SENSOR= EXOTECH MODEL 20C DflTE= RUGUST 12. 1975 


* ELLHR 



■ flVERncaS OF g PLOTS. 


105 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECIHNCE OF SEVERAL VARIETIES 

OF SPRING WHEAT 


LOCf-rriON'= WILLISTON, NORTH DRKOTR 
SENSOR! EXOTECIT MODEL 20C DATE! JUNE 4, 1976 



WAVELENGTH (MICROMETERS) 


» RV£RfiGE5 QE 16 PLOTS. 


106 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTfiNCE OF SEVERAL VARIETIES 

OF SPRING NHERT 


LOCRTION" WILLISTON, NORTH DRKOTfl ' 

SENSOR' EXOTECH MODEL 20C DATE' JUNE 18. 1976 


* WflLORON 



WAVELENGTH (MICROMETERS) 


« flVERRGES OF 16 PLOTS. 


107 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTRNCE OF SEVERRL VARIETIES 

OF SPRING WHEAT 


LOCATION: WILLISTON, NORTH DAKOTA 

SENSOR: exotech MODEL 20C DATE: JULY 8, 1976 


WALDRON 



WRVELENGTH ( M I CRORETERS ) 


«< AVERAGES OF 8 PLOTS. 

108 



BIDIRECTIONPL REFLECTANCE FACTOR 


REFLECTRNCE OF SEVERAL VARIETIES 

OF SPRING WHERT 


LOCRTION" WILLISTON. NORTH DHKOTR 
SENSOR! EXOTECH MODEL 20C DRTE= JULY 16, 1976 


* MflLORON 



WAVELENGTH (MICROMETERS) 


* fiVERfiGES OF 16 PLOTS- 

109 



BIDIRECTIONfiL REFLECTANCE FACTOR 


REFLECTANCE OF SEVERAL VARIETIES 

OF SPRING WHEAT 


LOCnTION! WILLISTON, NORTH DPKOTR 
SENSOR" EXOTECH MODEL 20C DATE" AUGUST 6, 1976 


* HRLDRON 
OLRF 



HfiVELENGTH (HICROMETERS) 


* flVERRGES OF 16 PLOTS. 


110 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REELECTRNCE OE SPRING WHERT 

DUE TO NITROGEN LEVEL 


LOCRTION* WILLISTON, NORTH DAKOTR 
SENSOR^ EXOTECH MODEL 20C DRTE» JUNE 7, 1975 



UnVELENGTH (MICROMETERS) 


* AVERAGES OF 4 PLOTS. 


Ill 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTflNCE OF SPRING NHEflT 

DUE TO NITROGEN' LEVEL 


LOCATION- WILLISTON. NORTH DAKOTA 
SENSOR- EXOTECH MODEL 20C ' DATE- JULY 10, 1975 



UBVELENGTH (MICROMETERS) 


» fiVERRGES OF IS PLOTS. 


112 



DIFFERENGE IN REELECinNCE OF SPRING WHERT 

.DUE TO NITROGEN EEVEE 


LOCATION! WILLI5TON, NORTH DAKOTA 
SENSOR! EXOTECH MODEL 20C DATE= AUGUST 12, 1975 


* NO NITROGEN 



WAVELENGTH (MICROMETERS) 


« nVERRCES OF 8 PLOTS. 



BIDIRECTIONfiL REFLECTRNCE FRCTOR 


DIFFERENCE IN REELECTRNCE OE SPRING WHEHT 

DUE TO NITROGEN LEVEL 


LOCRTIONs WILLISTON» NORTH DRKOTO 
SENSOR= EXOTECH HODEL 20C DATE? JUNE 4, 1976 


* NO NITROGEN 
34 KG/Hfl 



0.4 0.6 0-.8 1.0 r.2 1.4 1.6 1.8 2.0’ 2.2 2.4 


'WfiVELEMGTH (MICROMETERS) 


* nVERfiCES OF 16 PLOTS. 


114 



BIDIRECTIONRL REFLECTPNCE FfiCTOR 


DIFFERENCE IN REFLECTANCE OF SPRING WHEAT 

DUE TO NITROGEN LEVEL 


LOCATION! WILLISTON, NORTH DAKOTA 
SENSOR!' EXOTECH MODEL 20C DHTE' JUNE 18. 1976 


» NO NITROGEN 



WAVELENGTH (MICROMETERS) 


« flVERfiGES OF 16 PLOTS. 

115 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE OF SPRING NHERT 

DUE TO NITROGEN LEVEL 


LOCATION: WILLISTON, NORTH DfiKOTR 

SENSOR* EXOTECH MODEL 20C DRTE* JULY 8, 1976 


NO NITROGEN 



WRVELENGTH ( M I CRONETERS ) 


* avEnrjces of b plots. 
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BIDIRECTIONfiL REFLECmNCE FPCTOR 


DIFFERENCE IN REFLECTRNCE . OF SPRING WHERT 

DUE TO NITROGEN LEVEL 


LOCATION! WILLISTON, NORTH DflKOTfl 
SENSOR! ."EXOTECH nODEL 20C DATE= 'JULY 16, 1976 


* NO NITROGEN 



» AVERAGES OF 16 PLOTS, 


117 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE OF SPRING WHERT 

DUE TO NITROGEN LEVEL 


LOCATION! WILLISTCN, NORTH DHKOTfl 
SENSOR: EXOTECH MODEL 20C DHTE: AUGUST 6, 1976 



•:WflVELENGTH (MICROMETERS) 


* flVERflCES OF 16 PLOTS. 


118 



BIDIRECTIONAL REFLECTANCE FACTOR 


VRRIRBILITY IN REFLECTRNCE 
RMONG SPRING NHERT FIELDS 


LOCRTION" WILLimS COUNTY, NORTH DRKOTfi 
SENSOR' FSS DRTE' JUNE 22,, 1975 


FIELD 226 



119 



BIDIRECTIONnL REFLECTRNCE FRCTOR 




VARIABILITY IN REFLECTANCE 
AMONG SPRING WHEAT FIELDS 


LOCATION' WILLIAMS COUNTY. NORTH DAKOTA 
SENSOR" FSS DATES JULY 27, 1975 



0.4 0.6 0.8 1.0 1,2 1.4 1.6 1.8 2.0 2,2 2.4 

WAVELENGTH (I1ICR0METERS] 


120 



BIDIRECTIONAL REFLECTANCE FACTOR 


VR.RIRBILITY IN REFLECTRNCE 
RMONG SPRING NHERT FIELDS 


LOCRTION= W.ILLIflMS COUNTY, NORTH DRKOTfi 
SENSOR: FSS DRTE: JUNE 17, 1976 


FIELD 334 
FIELD 343 
FIELD 425 
FIELD 458 
FIELD 484 

50 i 


40 




0.4 0.6 0,.8 L.O 1.2 1.4 1.6 .1.8 2.0 2.2 2.4 


mVELENGTH' '( MICROMETERS ) 



121 



BIDIRECTIQNRL REFLECTfiNCE FPtCTQR 


VRRIRBrLITY IN REFLECTANCE 
AMONG SPRING WHEAT FIELDS 


LOranON' NILLIflMS COUNTY, NORTH 'ORKOTfl 
SENSOR" FSS DATE" JULY- 28. 1976 


FIELD 334 
FIELD 343 



122 



BIDIRECTIONAL REFLECTANCE FACTOR 


VFIRIflBILITY IN REFLECTRNCE 
WITHIN H SPRING WHERT hlELD 


LOCflTION! WILLinHS COUNTY, NORTH ORKOTH 
SENSOR: FSS DRTE= JUNE 22, 1975 

FIELD: 846 


SCAN ONE 



123 



BIDIRECTIONAL REFLECTANCE FACTOR 


VRRIRBILITY IN REFLECTRNCE 
WITHIN R SPRING WHEAT FIELD 


LOCATION" WILLIRMS COUNTY, NORTH OflKOTR 
SENSOR" FSS • DATE" JULY 27, 1975 

FIELD" , 846 


SCRN ONE 



124 ‘ 



BIDIRECTION/=!L REFLECTRNCE FfiCTOR 


VRRIRBILITY IN REFLECTRNCE 
WITHIN fi SPRING WHERT FIELD 


LOCRTION! WILLIRfIS COUNTY. NORTH DRKOTR 
SENSOR! FSS DRTE= JUNE 17, 1976 

FIELD' 334 


SCAN ONE 



125 



BIDIRECTIONAL REFLECTANCE FACTOR 


VARIABILITY IN REFLECTANCE 
NITHIN A SPRING WHEAT FIELD 


LOCATION^ WILLIRNS COUNTY, NORTH DRKOTR 
SENSOR: ESS DATE: JULY 28, 1976 

FIELD: 334 


SCAN ONE 
SCAN TWO 



WAVELENGTH ( MICROMETERS } 


126 



REFLECTANCE OF SPRING WHEAT 
AT THE SAME DATE IN. TWO YEARS 


LOCRTION= WILLIAMS COUNTY, NORTH DHKOTfl 

SENSOR! FSS 


* JUNE 22, 1975 

II iMc: oc 1 O'?!:: 



■ flVERRGES OF 8 fiNO 9 FIELDS. RESPECTIVEir. 


127 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECIRNCE OF SPRING WHERT 
RT THE SRME DATE IN TWO TERRS 


LOCRTION! WILLIAMS COUNTY, NORTH DAKOTA 

SENSOR ESS 


60 ^ 
50 .. 
40 .. 
30 .. 
20 .. 



5K JULY 10, 1975 
JULY 6, 1976 



H 1 1 1 1 1 H 1 1 1 1 - 

.4 1.6 1-.8 2.0 2.2 2.4 

(MICROHETERS) 


» RVERBGES OF 9 FIELDS. 
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BIDIRECTIONfiL REFLECTRNCE FfiCTOR 


REFLECTnNCE OF SPRING NHERT 
RT THE SRME DOTE IN TNO YERRS 


LOCnnON! WILLIAMS COUNTY, NORTH DAKOTA 

SENSOR" FSS 



« AVERAGES OF 10 AND 9 FIELDS. RESPECTIVELY. 

129 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTRNCE OF SPRING WHERT 
RT THE SRME DRTE IN TWO YERRS 


LOCnnON' WILLIRMS COUNTY, NORTH DflKOTR 

SENSOR' FSS 



mVELENGTH t MICROMETERS) 


* AVERAGES OF 10 AND 9 FIELDS, RESPECTIVELY. 


130 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTRNCE OF SPRING WHERT 
RT THE SRME DRTE IN TWO YERRS 


LOCRIION! WILLIRMS COUNTY. NORTH DRKOTR 

SENSOR" FSS 


*fiUGUST 15, 1975 



X flVEnnCES OF 7 AND 9 FIF.LDS. RESPECTIVELY. 

131 



REFLECTANCE OF SPRING WHEAT 
AT THE SAME MATURITY STAGE' 


LOCnnON! WILLIRMS COUNTY, NORTH DRKOTfl 
SENSOR! FSS ■ MRTURITY. STOGE* EMERGENCE 


* JUNE 5. 1975 



* RVERflGES OF 8 AND 9 FIELDS, RESPECTIVELY. 

132 



BIDIRECTIONAL REELECTRNCE FACTOR 


REFLECTRNCE OF SPRING WHERT 
RT THE SOME MRTURITY STRGE 


LOCRTION" UILLinilS COUNTY, NORTH DRKOTfl 
SENSOR" FSS mTURITY STAGE" HEADED 



HRVELENGTH (MICROMETERS) 


» AVERAGES OF i AND 8 FIELDS. RESPECTIVELY. 


133 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTRNCE OF SPRING NHERT 
RT THE SRME MRTURITY STAGE 


LOCATION! WILLIAMS COUNTY. NORTH DAKOTA 
SENSOR;! FSS MATURITY STAGE'' RIPENING 



■WFIVELENGTH CMICROHErERS) 


X flVERflGES OF 7 RNO 9 FIELDS, RESPECTIVELr. 

134 



North Dakota. Spring Wheat Examples 

Variation Between Spring Wheat 
and Other Crops 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCATION! WILLinilS COUNTY. NORTH DAKOTA 
SENSOR! FSS DRTE! JUNE 5. 1975 


* SPRING WHEAT 



* AVERAGES OF 8. 9, AND 6 FIELDS. RESPECTIVELY. di'RNK 

137 



BIDIRECTIONRL REFLECTRNCE FRCTOR 


DIFFERENCE IN REFLECTANCE 
DUE TO COVER TYPE 


LOCATION" WILLIAMS COUNTY-. NORTH DAKOTA 
SENSOR" FSS DATE" JUNE 22, 1975 


* SPRING WHEAT 



WflVBLENGTH (MICROMETERS) 


» AVERfiGES OF 9. 6. AND 3 FIELDS, nESPECTIVELY; 


138 ’ 



BIDiRECTIONPiL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO- COVER TYPE 


LOCATION: WILLIAMS COUNTY, NORTH DAKOTA 

SENSOR'! FSS DATE! JULY 10, 1975 


* SPRING WHEAT 



WAVELENGTH (MICROMETERS) 


« flVERflCES OF 10, 8, AND 3 FIELDS, RESPECTIVELY, 


139 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCRTION" WILLIfillS COUNTY, NORTH OHKOTfl 
SENSOR = FSS DRTE: JULY 18, 1975 


* SPRING MHERT 
FflULOW 



* AVERAGES OF 9, 4. AND 4 FIELDS. RESPECTIVELY. 


140 



DIFFERENCE IN- REFLECTANCE 
DUE TO COVER TYPE 


LOCATION- WTLLIRMS COUNTY, NORTH DAKOTA 
SENSOR^ FSS DATE: JULY 27, 1975 


SPRING WHERT 



» nVERflGES OF 8. 6. flNQ 6 FIELDS, RESPECTIVELY. 


141 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFEECTRNCE 
DUE TO COVER TYPE 


LOCATIONS • NILLIRNS COUNTY, NORTH DAKOTA 
SENSORS FSS DATE: AUGUST 23 , 1975 


* SPRING WHERT 
FALLOW 



* ftVERRCeS OF 9. 8. flNO 6 FIELDS, RESPECTIVELY. 


142 



BIDIRECTIONnL REFLECTPlNCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCATION' WILLinilS COUNTY, NORTH DAKOTA 
SENSOR' FSS DATE' MAY 13, 1976 


* SPRING WHEAT 



X AVERAGES OF 9. !0. fiND 6 FIELDS. RESPECTIVELY. 


143 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCATION! WILLIAMS COUNTY, NORTH DRKOTfl 
SENSOR! ESS DATE! MAY 28, -1976 


* SPRING WHERT 
FBLLOW 



* AVERAGES OF 9, 10, AND 6 FIELDS, RESPECTIVELY; ’ 


144 


BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCRTION= NILLIfiMS COUNTY, NORTH DRKOTH 
SENSOR" FSS OfiTE" JUNE 25, 1976 


* SPRING WHEAT 
FALLOW 



WAVELENGTH (MICROMETERS) 


* flVERHGES OF 9. 10, RNO 6 FIELDS, RESPECTIVELY. 

145 



BIDIRECTIONAL REFLECTANCE FACTOR (’/.} 


DIFFERENCE IN KEhLECIHNCE 
DUE TO COVER TYPE 


LOCRTION" WILLinilS COUNTY, NORTH DRKOTR 
SENSOR: FSS DATE: JULY 6. 1976 


* SPRING MHEfIT 



l^RVELENGTH I MICROfiETERS ) 


* RVfRRGES OF .9. IQ. AND 6 FIELDS. RESPECTIVELY. 


146 



DIFFERENCE IN REFLECTANCE 
DUE TO COVER TYPE 


LOCRTION= WILLinMS COUNTY, NORTH DFIKOTfl 
SENSOR: FSS ' OflTE: JULY 20, 1976 


* SPRING HHEHT 



* AVERAGES OK 9, 10. RND 6 FIELDS. RESPECTIVELY. 


147 



BIDIRECTIQNfiL REFLECTANCE FACTOR 


DIFFEFCNCE m REFLECinNCE 
DUE -TO COVER TYPE 


LocnTroN" wiLLifins county, north dhkoth 

SENSOR: Fss DATE' JULY 28. 1976 


* SPRING WHEBT 
FBLLOW 



i» HVERfiGES OF 9. iO, RND 6 FIELDS, RESPECnVFLr. 


148 



BIDIRECTIONRL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCRTION^ WILLIAMS COUNTY, NORTH DAKOTA 
SENSOR: FSS DATE: AUGUST 9, 1976 


* SPRING WHERT 

FHLLOW 



NRVELENGTH' (‘MICROMETERS) 


» nVCRPGES OF 9, 10. AND S FIELDS. RESPECHVaY. 


149 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTANCE 
DUE TO COVER TYPE 


LOCATION" WILLIRMS COUNTY, NORTH DAKOTA 
SENSOR" FSS DATE" AUGUST 19, 1976 


« SPRING WHERT 
FALLOW 



WAVELENGTH (MICRCHETERS) 


* AVERAGES OF 9. 10, AND 6 FIELDS. RESPECTIVELY. 


iSO 



REFLECTfiNCE OF SPRING WHERT 
RND OTHER SMRLL GRHINS 


LOCRTION" WILLISTON, NORTH DfiKOTR 
SENSOR* EXOTECH MODEL 20C DATE* JULY 10, 1975 


« KELSEY OATS 



X fiVERRGES QF A PLOTS. 



BIDIRECTIONRL REFLECTRNCE FRCTQR 


REFLECTRNCE OF SPRING NHEHT 
RND OTHER SMRLL GRRINS 


LOCATION" WILLISTON, NORTH DAKOTA 
SENSOR" EXOTECH MODEL 20C DATE" AUGUST 12, 1975 


* KELSEY OUTS 



* RVERRGE5 OF 3 PLOTS. 


152 



BIDIRECTIONAL REFLECTANCE FACTOR 


REFLECTANCE OF SPRING WHEAT 
AND OTHER SMALL .GRAINS 


LOCnnON" NILLISTON. NORTH DRKOTfl . 

SENSOR! exotech MODEL 20C DfiTE: JUNE 4, 1976 


* KELSEY 0HT3 
HECTOR BfiRLEY 



HfiVELENGTH (MICROMETERS) 


* iTVERfiGES OF i PLOTS. 


153 



BIDIRECTIONfiL REFLECTRNCE FACTOR 


REFLECTANCE OF SPRING WHEAT 
AND OTHER SMALL GRAINS 


LOCRTION' WILLISTON; NORTH DRKOTfi 
SENSOR: EXOTECH MODEL 20C DHTE= JUNE 18. 1976 


K KELSEr OUTS 
HECTOR BARLEY 



WAVELENGTH (MICROMETERS] 


* flVERPIGES OF i PLOTS. 


154 



REFLECTANCE OF SPRING WHEAT 
AND OTHER SMALL GRAINS 


LOCATION! WILLISTON, NORTH DAKOTA 
SENSOR! EXOTECH MODEL 20C DATE! JULY 8, 1976 


* KELSEY OATS 
HECTOR BARLEY 



« fiVERflCES OF 3 PLOTS. 
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BIDIRECTrONRL REFLECTftNCE FRCTOR 


REFLECTANCE OF SPRING WHEAT 
AND OTHER SMALL GRAINS. 


LOCRTION' WILLISTON, NORTH DflKOTfi 
SENSOR^ EXOTECH MODEL 20C DRTE= JULY 16, 1976 


* KELSEY OATS 
HECTOR BARLEY 



* flVERHGES OF 3 PLOTS. 


156 



BIDIRECTIONfiU REFLECTANCE FACTOR 


REFLECTRNCE OF SPRING WHERT 
RND OTHER 3MRLL GRRINS 


LOCnnON= WILLISTON. NORTH DFIKOTR 
SENSOR' EXOTECH MODEL 2DC DOTE' AUGUST 6. 1976 


» KELSEY OATS 

HECTOR BARLEY 



WAVELENGTH ( H I CROMETERS ) 


* fiVERflGES Qi-' 4 PLOTS. 


157 



IV. 

A 


South Dakota Spring and Winter Wheat Examples 
. Variation Within Spring and Winter Wheat 







BIDIRECTIONRL REFLECTfiNCE FACTOR 


REFLECTRNCE OF WINTER WHEHT 
HT DIFFERENT MRTURITY STRGES 


LOCRTION^ HAND COUNTY, SOUTH DRKOTR 
SENSOR' ESS DRTE' 1975-76 


TILLERING OCTOBER 15 



WAVELENGTH miCROMETERS ) 

OtUGINAL PAGE IS 

or POOR QUALrra 


161 








* flVERRGE OF 10 FIELDS. 



BIDIRECTIONfiL REFLECTfiNCE FRCTOR 


REFLECTANCE OF SPRING WHEAT 
AT DIFFERENT MATURITY STAGES 


LOCRTION* HRND COUNTY, SOUTH DRKOTR 
SENSOR^ FSS DATE: 1976 


EMERGENCE MRY 11 



» fiVERRGE OF 4 FIELDS; 


162 



BIDIRECTIONAL REELECTANCE FACTOR 


VARIABILITY IN REFLECTANCE 
AMONG WINTER WHEAT FIELDS 


■LOCRTION" HRND CDUNTY, SOUTH DRKOTR 
SENSOR" FSS DRTE" MAY 11, 1976 


FIELD 176 
FIELD 208 



WfiVELENGTH ( MICROHETERS ) 


163 



BIDIRECTIONRL REFLECTANCE FACTOR 


VRRIfiBILITY IN REFLECTANCE 
AMONG WINTER WHEAT FIELDS 


LOCRTION" HHND COUNTY, SOUTH DRKOTH 
SENSOR = ESS DRTE= JUNE 19, 1976 


FIELD 176 
FIELD 208 



WAVELENGTH (MICROMETERS) 


164 



BIDIRECTIONRL REFLECTEiNCE FACTOR 


VRRIflBILITY IN REFLECTANCE 
AMONG SPRING WHEAT FIELDS 


LOCRTION= HRND COUNTY, SOUTH DRKOTR 
SENSOR* FSS DRTE* JUNE 19, 1976 


FIELD 284 



165 



BIDIRECTIONPlL REFLECTANCE FACTOR 


VRRIflBILITY IN REFLECTRNCE 
RMO-NG SPRING . NHERT FIELDS 


LOCRTION: HRND COUNTY, SOUTH DRKOTR 

SENSOR' FSS DRTEs JULY 8, 1376 


FIELD 284 
FIELD 197 



166 



BIDIRECTIONRL REFLECTRNCE FRCTOR 


VfiRIRBILITY IN REFLECTRNCE 
WITHIN R WINTER WHERT FIELD 


LOCRTION: HfiND. COUNTY, SOUTH DRKOTfl 

SENSOR: FSS DRTE: MRY 11, 1976 

FIELD: 176 


SCRN ONE 



167 



BIDIRECTIONAL REFLECTANCE FACTOR 


VfiRIflBILITY IN REFLECTRNCE 
WITHIN R WINTER WHERT FIELD 


LOCATION' HAND COUNTY. SOUTH DRKOTfl 
SENSOR' F3S DATE' JUNE 19, 1976 

FIELD' 176 


SCRN ONE 
SCAN TWO 



1S8 



BIDIRECTIONfiL REFLECTANCE FACTOR 


VflRIflBILITY IN REFLECTRNCE 
NITHIN R WINTER WHERT FIELD 


LOCnnON: HHND COUNTY, SOUTH DfiKOTFl 

SENSOR" FSS DOTE" JULY 8, 1976 

FIELD" 176 


5CBN ONE 



WAVELENGTH (MICROMETERS) 


169 



BIDIRECTIONAL REFLECTANCE FACTOR 


VflRIfiBILITY IN REFLECTR.NCE 
N I THIN fl SPRING WHERT FIELD 


LOCRTION* HAND COUNTY, SOUTH DRKOTfi 
SENSOR^ FSS DRTE^ MRY 11, 1976 

FIELD' 284 


SCRN ONE 
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BIDIRECTIONAL REFLECTANCE FACTOR 


VARIABILITY IN REFLECTANCE 
WITHIN A SPRING WHEAT FIELD 


LOCRTION: HAND COUNTY, SOUTH DRKOTR 

SENSOR" FSS DRTE" JUNE 19, 1976 

FIELD" 284 


SCAN ONE 
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BIDIRECTIONRL REFLECTfiNCE FfiCTOR 


VARIABILITY IR REFLECTAN'CE 
WITHIN A SPRINA WHEAT FIELD 


LOCRTION! HRND COUNTY, SOUTH DRKOTR 
SENSOR^ FSS DRTEs JULY 8, 1976 

EIELO^ 284 


SCAN ONE 
SCAN TNO 
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IV. South Dakota Spring and Winter 
Wheat Examples 

B. Variation Between Wheat and Other Crops 








* 



BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN REELECTHNCE 
DUE -TO COVER TYPE 


LOCRTION= HRND COUNTY. SOUTH DfiKOTfl 
SENSOR* FSS DRTE* HRY 11. -1976 


* WINTER WHERT 

SPRING WHEAT 



0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

WAVELENGTH T MICROMETERS) 



» fiVEancES OF lo. i. 2. s, rnd i fields, respectively. 





BIDIRECTIONAL REFLECTANCE FACTOR 


DIFFERENCE IN- REFLECTRNCE 
DUE TO COVER TYPE 


LOCRTION= HR'ND COUNTY, SOUTH DflKOTR 
SENSOR: ESS DRTE: JUNE 19, 1976 


* WINTER WHEAT 
SPRING WHEAT 



WAVELENGTH f MICROMETERS) 


* HVERflGES OF 10. i, 2. S, 2. flNO 4 FIELDS. RESPECTIVELY. 


176 



BIOIRECTIONftL REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE ' 


LOCRTION- HRND COUNTY, SOUTH DHKOTR 
SENSORS FSS DRTE: JULY 8, 1976 


60 

50 

40 

30 

20 

10 

0 


* WINTER WHERT 
SPRING WHEAT 



WAVELENGTH ( M I CROMETERS ) 


» nVERRGES OF 10. 4. 2, S. 2, flND i FIELDS. RESPECTIVELY. 
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BIDIRECTIONAL. REFLECTANCE FACTOR 


DIFFERENCE IN REFLECTRNCE 
DUE TO COVER TYPE 


LOCnTION*' HRND COUNTY, SOUTH DRKOTfl 
SENSOR! FSS DRTE! JULY 31, 1976 


WINTER WHERT 

SPRING WHERT 



WRYELENGTH ( M-I CRGMETERS ] 


» nVERFlGES OF 10. A. 2. 5. 2. fiND 4 FIELDS. RESPECTIVELY. 


178 



Appendix; 


Documentation of Data Examples 




ym^'Q AnVFiOUN3J.N5^a3^ei 


Appendix ; Documentation of Data Examples. 

Field averages were used for all graphs of FSS data except for those illustrating within-field variability 


oo 


Page Number 

Location 

Plot (Date) 

Class 

Field (or Run) Numbers 

15 

Kansas ITS^ 

Maturity Stage(75) 

11/5/74 

369,391,178,190,192,203, 

216,59,67 




4/8/75 

369,391,178,190,192,203, 

216,59,67 




5/14/75 

369,391,178,190,192,203, 

216,59,67 




6f9n5 

369,391,178,190,192,203, 

216,59,67 




e/11/15 

369,391,178,190,192,203, 

216,59,67 




6/26/75 

369,391,178,190,192,203, 

216,59,67 

16 


Maturity Stage(76) 

10/21/75 

221,167,124,137,149,113, 

107,99,42 




3/18/76 

221,167,124,137,149,113, 





107,99,42 




4/18/76 

221,167,124,137,149,113, 

v»_> 



5/6/76 

107,99,42 

221,167,124,137,149,113, 

107,99,42 




6/12/76 

221,167,124,137,149,113, 

107,99,42 




6/30/76 

221,167,124,137,149,113, 

107,99,42 

17 

Kansas AES 

Amt. Vegetation(75) 

0-25% GC 

on 3/30:107 



\ 


on 3/31:113,114 
on 4/3:203,204,205,206 

^ 1975 Kansas 

data are from ITS- 

-1960; 1976 Kansas data 

are from ITS- 19 88. 




182 



18 


Amt. Vegetation(76) 


19 


Amt. Vegetation(76) 


Class 


Field (or Run) Numbers 


26- 

"50% 

GC 

on 

3/30:101 




on 

3/31:119,120,201 




on 

4/3:202,313 




on 

4/9:113,114 




on 

4/16:318 




on 

4/23:114 

51- 

-75% 

GC 

on 

4/9:119 




on 

4/16:303,307,316 




on 

4/23:114 




on 

4/28:113,206 




on 

4/29:312 




on 

5/6:215 




on 

5/16:205 

76- 

-100% GC 

on 

4/29:302,303 




on 

4/30:416 




on 

5/3:408,413 




on 

5/14:301 




on 

5/15:108 




on 

5/19:102 




on 

6/3:205 




on 

6/4:309 

0-25% ' 

GC 

on 

4/1:4,5,6,26,27 




on 

4/18:5,6 




on 

5/1:4 

26- 

-50% 

GC 

on 

4/1:7,9,12,28 




on 

4/16:22 




on 

5/1:5 




on 

5/14:4,6,24 

51- 

-75% 

GC 

on 

4/1:30 




on 

4/18:17,29 




on 

5/1:7,12,14 




on 

5/14:23,27 




on 

5/29:5,8 

76- 

-100% GC 

on 

5/14:25 

0- 

.50 

LAI 

on 

4/1:5, 6, Z,8, 29, 30 




on 

4/18:6 
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Page Number 

Location 

Plot (Date) 

Class 

Field (or Run) Numbers 

19 


Amt. Vegetation(76) 

.51-1.0 LAI 

on 4/1:9,13 



(cont. ) 

1.01-1.5 LAI 

on 4/16:22 
on 4/18:8,16,28 
on 5/1:7 
on 4/18:17 
on 5/1:3 

on 5/14:7,22,25,28,29 




1.51-2.0 LAI 

on 4/17:19 
on 5/1:13,14 
on 5/14:26,27 
on 5/29:28,30 




2.0 — ^LAI 

on 5/14:23,30 

20 

Kansas ITS 

Soil Types (10/21/75) 

Richfield Silt Loam 
Richfield-Spearville 

214,171,42,25,99,173 




Complex 

54,58 




Ulysses Silt Loam 

185 

21 


Soil Moisture(10/21/75) 

Damp 

200,214 




Dry 

141,25 

22 


Soil Moisture(3/18/76) 

Damp 

214,141 




Dry 

200,25 

24-29 


Irrigation(75) 

Irrigated 

369,391,178,190,192,197, 

203,216,59,67 

30-34 



Dryland 

53,56 


Irrigation (7 6) 

Dryland 

221,167,124,137,149,113, 

107,99,42 





Irrigated 

200,214,141 

35,36 

Kansas AES 

Varieties (4/16 , 29/75) 

Centurk 

*303,304,309,310,317,318 




Sage 

301,302,311,312,315,316 




Sturdy 

305,306,307,308,313,314 


* Experiment station plot numbers are as shown on maps in the Project Plan 



Page Number Location 


Field (or Run) Numbers 


37 Kansas AES 

38,39 

40,41 


42 


43 


44 


45 


46 


Plot (Date) 

Class 

Varieties(5/20/75) 

Centurk 

Sage 

Sturdy 

Varieties (6/4, 7/4/75) 

Centurk 

Sage 

Sturdy 

Varieties (4, 5/ 1/76) 

Eagle 

Satanta 

Scout 

Centurk 

Varieties (5/17/76) 

Eagle 

Satanta 

Scout 

Centurk 

Varieties (5/29/76) 

Eagle 

Satanta 

Scout 

Centurk 

Varieties (6/ 10/76) 

Eagle 

Satanta 

Scout 

Centurk 

Resldue(4/17/75) 

Removal 

* 

Shredding 
Double Residue 
Burning 

Residue (4/30/75) 

Removal 
Shredding 
Double Residue 
Burning 


303,309,317 

311.315 
305,307,313 
303,309 

301.311.315 
305,307,313 
9 

12 

13 

14 

9,19 

12,17 

13 

14.16 
9 

12 

13 

14 ^ 

9,19 

12.17 
13,22 
14,16 

401,402,403,404 

405,406,407,408 

409,410,411,412 

413,414,415,416 

401,402,403,404 

405,406,407,408 

409,410,411,412 

413,414,415,416 
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Location 


Page Number Location 

47 Kansas AES 


48 


49,50 Kansas ITS 


51,52 


53 


54 


Plot (Date) 

Class 

Field (or Run) Numbers 

Residue (5/26/ 75) 

Removal 

401,402,403,404 


Shredding 

405,406,407,408 


Double Residue 

409,410,411,412 


Burning 

414,415,416 

Residue(6/ 11/75) 

Removal 

401,402,403,404 


Shredding 

405,406,407,408 


Double Residue 

409,410,411,412 


Burning 

413,414,415,416 

Among Fields(75) 

Field 369 

369 


Field 178 

178 

- 

Field 192 

192 


Field 203 

203 


Field 59 

59 

Among Fields'(76) 

Field 221 

221 


Field 124 

124 


Field 149 

149 


Field 107 

107 


Field 42 

42 

Within Fields (4/8/75) 

Scan 1 

(75533403) 


Scan 2 

(75533405) 


Scan 3 

(75533406) 


Scan 4 

(75533407) 


Scan 5 

(75533409) 

Within Fields (6/17/75) 

Scan 1 

(75625503) 


Scan 2 

(75625505) 


Scan 3 

(75625506) 


Scan 4 

(75625507) 


Scan 5 

(75625509) 
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Page Number 
55 

Location 
Kansas ITS 

Plot (Date) 

Within Fields (3/31/76)- 

56 


Within Fields (6/12/76) 

59 


Wheat , Other (11/5/ 74) 

60,61 


Wheat , Other (4/8, 5/ 14/ 75) 

62-63 


Wheat, Other (6/17, 6/26/75) 


64-67 


Wheat , Other (10/21/75 , 3/ 18 
4/18,5/6/76) 


Class 


Field (or Run) Numbers 


Scan 1 
Scan 2 
Scan 3 
Scan 4 
Scan 5 
Scan 1 
Scan 2 
Scan 3 
Scan 4 
Scan 5 

Dryland Winter Wheat 
Irrigated Winter Wheat 

Alfalfa 

Pasture 

Fallow 

Dryland Winter Wheat 
Irrigated Winter Wheat 

Alfalfa 

Pasture 

Fallow 

Dryland Winter Wheat 
Irrigated Winter Wheat 

Alfalfa 

Pasture 

Fallow 

Corn 


Dryland Winter Wheat 

Irrigated Winter Wheat 
Fallow 


(76759904) 

(76759909) 

(76759914) 

(76759919) 

(76759924) 

(76785404) 

(76785406) 

(76785408) 

(76785410) 

(76785412) 

53,56 

369,391,178,190,192,197, 

203,216,59,67 

69,193,387 

186 

61,80 

53,56 

369,391,178,190,192,197, 

203,216,59,67 

69,193,387 

186 

61,80,374 

53,56 

369,391,178,190,192,197, 

203,216,59,67 

69,193,387 

186 

61,80,374 

49,52,65,68,191,194,212, 

371,541,543 

221,167,124,137,149,113, 

107,99,42 

200,214,141 

187,191,186,129,148,94, 

112,50,38,33 



Page Number 

Location 

Plot (Date) 

Class 

Field (or Run) Numbers 


68,69 


Wheat , Other (6/12,6/30/76) 

Dryland Winter Wheat 

221,167,124,137,149,113, 






107,99,42 





Irrigated Winter Wheat 

200,214,141 





Fallow 

187,191,186,129,148,94, 






112,50,38,33 





Corn 

183,176,174 





Sorghum 

181,179,169,165,152,27,26 


70 

Kansas AES 

Wheat, Small Grains (4/9/75) 

Early Wheat 

119,120 





Rye 

117,118 





Barley 

115,116 





Late Wheat 

113,114 





Triticale 

111,112 


71 


Wheat, Small Grains (4/23/75) 

Early Wheat 

101,102,119 

P 

' 



Rye 

103,104,117,118 





Barley 

105,106,115,116 





Late Wheat 

107,108,113,114 

00 'I 




Triticale 

109,110,111,112 

j. 

72 


Wheat, Small Grains(4/28/75) 

Early Wheat 

101,102,119,120 

V I 




Rye 

103,104,118 

r' ‘ 




Barley 

105,106,115,116 

t * 




Late Wheat 

107,108,113,114 

t- 

r 




Triticale 

109,110,111,112 

( * 

\t a * 

73 


Wheat, Small Grains (5/ 15/75) 

Early Wheat 

102,120 

t * 




Rye 

104,118 

X " 




Barley 

106 





Late Wheat 

108,114 

iif ' 




Triticale 

110,112 

DJ-' 

74 


Wheat, Small Grains (6/3/75) 

Early Wheat 

102,120 





Rye 

104,118 





Barley 

106 





Late Wheat 

108,114 





Triticale 

110,112 
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Page Number 

75 

76 

77 

78 

79 

80 
81 
82 


Location Plot (Date) 

Kansas AES *Wh eat, Small Grains (6/ 15/ 75) 

*Wheat, Small Grains (6/29/75) 

*Wheat, Small Grains(7/4/75) 

Wheat, Small Grains (4/ 1/76) 
Wheat Small Grains (5/ 1/76) 
Wheat, Small Grains (5/ 17/76) 
Wheat, Small Grains (5/29/76) 
Wheat, Small Grains (6/ 10/76) 


Class 

Field (or Run) lumbers 

Early Wheat 

102,120 

Rye 

104,118 

Barley 

106 

Late Wheat 

108 

Triticale 

110,112 

Early Wheat 

102,120 

Rye 

104, il8 

Barley 

106 

Late Wheat 

108,114 

Triticale 

110,112 

Early Wheat 

102,120 

Rye 

104,118 

Barley 

106 

Late Wheat 

108,114 

Triticale 

110,112 

Wheat 

9,13,14 

Rye 

10 

Barley 

11 

Triticale 

15 

Wheat 

9,12,13,14 

Rye 

10 

Barley 

11 

Triticale 

15 

Wheat 

9,12,13,14,16,17,19 

Rye 

10 

Barley 

11,18 

Triticale 

15,20 

Wheat 

9,12,13,14 

Rye 

10 

Barley 

11 

Triticale 

15 

Wheat 

9,12,13,14 

Rye 

10 

Barley 

11 

Triticale 

15 



Page Number 

Location 


Plot (Date) 

Class 

Field (or Run) Numbers 

85 

N. Dakota 

2 

ITS 

Maturity Stage 

6/5/75 

226,227,234,235,800,812, 

834,846 





6/22/75 

226,227,234,235,812,834, 
846,441,442 ^ 





7/10/75 

226,227,234,235,800,812, 

834,441,442 





7/27/75 

226,234,800,441,442 





8/23/75 

226 ,227,234, 235 ,800,812, 
846,441,442 

86 



Maturity Stage 

5/28/76 

288,334,343,423,425,441, 

458,478,484 





6/17/76 

288,334,343,423,425,441, 

458,478,484 





6/25/76 

288,334,343,423,425,441, 

458,478,484 





7/6/75 

288,334,343,423,425,441, 

458,478,484 





7/28/76 

288,334,343,423,425,441, 

458,478,484 





8/9/76 

288,334,343,423,425,441, 

458,478,484 

87 

N. Dakota 

AES 

Amt. Vegetation(75) 

0-.49 LAI 

on 6/23:39,40,41,42,49,50,52 





.5-. 99 LAI 

on 6/23:38,51,53 
on 7/9:38 






on 7/10:6,38,42 





1. 0-1.49 LAI 

on 7/9:37,39 
on 7/10:5,11,12,41,52 





1.5-1.99 LAI 

on 7/10:19,23,49,54,56 
on 7/19:42,49 





2.0 — ^LAI 

on 7/10:26,53 
on 7/19:35,41 

88 



Amt. Vegetation(76) 

0-.49 LAI 

on 5/28:6,9,19 
on 6/2:7,41 
on 6/4:8,19 


2 


1975 and 1976 North Dakota data are from ITS-1966. 
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Page Number 

Location 

Plot (Date) 

Class 

Field (or Run) Numbers 

88 

N. Dakota AES 

Amt. Vegetation(76) 
(cont . ) 

.5-. 99 LAI 

on 6/2:36,38 
on 6/4; 6, 7 
on 6/ 18: 11,50,56 




1.0-1.49 LAI 

on 6/18:19,20,21,23,40,42,54 




1.5-1.99 LAI 

on 6/18:6,9,24,25,26,39,41 




2.0 LAI 

on 6/18:5,7,8,35,36,37,38 

89 


Surface Soil Moisture 

Wet 

on 6/ 3 (early) : 16, 17 



Moist 

on 6/3(late) : 16 , 17 



■ 

Dry 

on 6/4:16,17 

90 


Planting Date(6/7/75) 

Early 

53,54,55,56 




Late 

49,50,51,52 

91 


Planting Date (7/ 10/ 75) 

Early 

5,6,7,8,23,24,25,26,35,36, 

37,38,53,54,55,56 




Late 

9,10,11,12,19,20,21,22,39, 

40,41,42,49,50,51,52 

92 


Planting Date (8/ 12/ 75) 

Early 

5,6,7,8,35,36,37,38 



Planting Date (6/4 , 6/ 18 , 

Late 

9,10,11,12,39,40,41,42 



7/16,8/6/76) 

Early 

5,6,7,8,23,24,25,26,35,36, 

37,38,53,54,55,56 




Late 

9,10,11,12,19,20,21,22,39, 

40,41,42,49,50,51,52 

93,94,96 

,97 

Planting Date(7/8/76) 

Early 

5,6,7,8,23,24,25,26 




Late 

9,10,11,12,19,20,21,22 

98 


Fallow/Recrop (7/10/75) 

Wheat (74) 

5,6,7,8,9,10,11,12,35,36, 

37,38,39,40,41,42 




Fallow(74) 

19,20,21,22,23,24,25,26, 

49,50,51,52,53,54,55,56 

99 


Fallow/Recrop (8/12/75) 

Wheat (74) 

35,36,37,38,39,40,41,42 




Fallow(74) 

49,50,51,52,53,54,55,56 

100,101, 

103,104 

Fallow/Recrop (6/4 , 6/18 , 


5,6,7,8,9,10,11,12,35,36, 



7/16,8/6/76) 

Fallow(75) 

37,38,39,40,41,42 




Wheat ( 75 ) 

19,20,21,22,23,24,25,26, 

49,50,51,52,53,54,55,56 



Page Number Location 

Plot (Date) 

Class 

Field (or Run) Numbers 

102 N. Dakota AES 

Fallow/Recrop (7/8/76) 

Fallow(75) 

5,6,7,8,9,10,11,12 



Wheat (75) 

19,20,21,22,23,24,25,26 

105 

Variety (8/12/75) 

Ellar 

36,38,40,42,50,52,54,56 



Olaf 

35,37,39,41,49,51,53,55 

106,107,109,110 

Variety (6/4, 6/ 18, 7/16 , 




8/6/76) 

Waldron 

6,8,10,12,20,22,24,26,36 

38,40,42,50,52,54,56 



Olaf 

5,7,9,11,19,21,23,25,35, 

37,39,41,49,51,53,55 

108 

Variety (7/8/ 76) 

Waldron 

6,8,10,12,20,22,24,26 



Olaf 

5,7,9,11,19,21,23,25 

111 

Nitrogen (6/ 7/75) 

No Nitrogen 

49,50,55,56 



30 Ibs/acre 

51,52,53,54 

112 

Nitrogen (7/10/ 75) 

No Nitrogen 

5,6,11,12,21,22,23,24,37 

38,39,40,49,50,55,56 



30 Ibs/acre 

7,8,9,10,19,20,25,26,35, 

36,41,42,51,52,53,54 

113 

Nitrogen(8/12/75) 

No Nitrogen 

37,38,39,40,49,50,55,56 



30 Ibs/acre 

35,36,41,42,51,52,53,54 

114,115,117,118 

Nitrogen (6/ 4, 6/ 18, 7/ 16, 

No Nitrogen 

5,6,11,12,21,22,23,24,37 


8/6/76) 

30 Ibs/acre 

38,39,40,49,50,55,56 

7,8,9,10,19,20,25,26,35, 

116 



36,41,42,51,52,53,54 

Nitrogen (7/8/ 76) 

No Nitrogen 

5,6,11,12,21,22,23,24 



30 Ibs/acre 

7,8,9,10,19,20,25,26 

119,120 N. Dakota ITS 

Among Fields (75) 

Field 226 

226 



Field 234 

234 



Field 812 

812 



Field 846 

846 



Field 442 

442 

121,122 

Among Fields (76) 

Field 334 

334 



Field 343 

343 



Field 425 

425 



Field 458 

458 



Field 484 

484 



192 


Page Number 

Location 

Plot (Date) 

123 

N. Dakota ITS 

Within Fields (6/22/75) 

124 


Within Fields (7/27/75) 

125 


Within Fields(6/17/76) 

126 


Within Fields (7/28/76) 

127 


Between Years (Same Date) 

128 


Between Years (Same Date) 

129 


Between Years (Same Date) 

130 


Between Years (Same Date) 

131 


Between Years (Same Date) 


Class 


Field (or Run) Numbers 


Scan 1 

(75804103) 

Scan 2 

(75804105) 

Scan 3 

(75804107) 

Scan 4 

(75806704) 

Scan 5 

(75806707) 

Scan 1 

(75937603) 

Scan 2 

(75937606) 

Scan 3 

(75937609) 

Scan 4 

(75940103) 

Scan 5 

(75940107) 

Scan 1 

(76824703) 

Scan 2 

(76824707) 

Scan 3 

(76824711) 

Scan 4 

(76824717) 

Scan 5 

(76824722) 

Scan 1 

(76960704) 

Scan 2 

(76960709) 

Scan 3 

(76960714) 

Scan 4 

(76960719) 

Scan 5 

(76960724) 


June 22,1975 

June 25,1976 

July 10,1975 

July 6,1976 

July 18,1975 

July 20,1976 

July 27,1975 
July 28,1976 


226,227,234,235,812,834, 

846.441.442 

288,334,343,423,425,441, 

458,478,484 

226,227,234,235,800,812, 

834.441.442 

288,334,343,423,425,441, 

458,478,484 

226,227,234,235,800,812, 

834.846.441.442 

288,334,343,423,425,441, 

458,478,484 

226.234.800.441.442 

288,334,343,423,425,441, 

458,478,484 

226,227,234,235,800,812, 

846.441.442 


August 15,1975 
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Page Number 

Location 

Plot (Date) 

131 

132 

N. Dakota ITS 

Between Years (Same Date) 
(cont.) 

Between Years (Same 
Maturity) 

133 


Between Years (Same 
Maturity) 

134 


Between Years (Same 
Maturity) 

137 


♦ 

Wheat, Other (6/ 5/ 75) 

138 


Wheat, Other (6/22/ 75) 

139 


Wheat, Other (7/ 10/75) 

140 


Wheat , Other ( 7 / 18/75 ) 


141 


Wheat, Other (7/27/75) 


Class 


Field (or Run) Numbers 


August 19, 1976 

288,334,343,423,425,441, 

458,478,484 

June 5,1975 

226,227,234,235,800,812, 

834,846 

May 28,1976 

288 , 334,343,423 , 425 , 441 , 
458,478,484 

July 18,1975 

226,227,234,235,800,812, 

834,846,441,442 

July 6 , 1976 

288,334,343,423,425,441, 

458,478,484 

August 15,1975 

226,227,234,235,800,812, 

846,441,442 

July 20,1976 

288,334,343,423,425,441, 


458,478,484 

Wheat 

226,227,234,235,800,812, 

834,846 

Fallow 

444,446,674,676,799,810, 

813,843,863 

Pasture 

415,628,632,681,736,766 

Wheat 

226,227,234,235,441,442, 

812,834,846 

Pasture 

444,446,837,799,810,813, 

843,863 

Fallow 

415,736,766 

Wheat 

226,227,234,235,441,442, 

800,812,834,846 

Fallow 

444,446,799,810,813,863,837 

Pasture 

415,736,766 

Wheat 

226,227,234,235,441,442, 

812,834,800 

Fallow 

837,813,799,676 

Pasture 

736,628,632,687 

Wheat 

226,234,441,442,800,812, 

834,846 

Fallow 

799,810,863,837,674,843 

Pasture 

415,736,766,628,632,681 



Page Number 


Location 


Plot (Date) 


142 N. Dakota ITS 

143-150 

151 N. Dakota AES 

I—* 

VO 

152 

153,154,157 

155 

156 


Wheat, Other (8/23/75) 


Wheat, Other (76) 


Wheat, Small Grains(7/10/75) 

Wheat’,Small Grains (8/12/75) 

Wheat, Small Grains (6/4, 
6/18,8/6/76) 

Wheat, Small Grains (7/8/76) 
Wheat, Small Grains (7/ 16/76) 


Class 

Field (or Run) Numbers 

Wheat 

226,227,234,235,441,442, 

800,812,846 

Fallow 

799,444,863,446,674,843, 

676,813 

Pasture 

415,736,766,628,632,681 

Wheat 

288,334,343,423,425,441, 

■ 

458,478,484 

Fallow 

138,152,163,165,166,169, 

329,424,426,435 

Pasture 

161,170,248,338,356,385 

Kelsey Oats 

1,31,36,60 

Vandguard Barley 

3,29,33,59 

Lark Wheat 

4,27,34.57 

Kelsey Oats 

1,31,60 

Vandguard Barley 

3,33,59 

Lark Wheat 

4^,34,58 

Kelsey Oats 

1,30,31,60 

Hector Barley 

2,29,32,59 

Lark Wheat 

4,27,34,57 

Kelsey Oats 

1,30,31 

Hector Barley 

2,29,32 

Lark Wheat 

4,27,34 

Kelsey Oats 

1,30,35 

Hector Barley 

2,29,36 

Lark Wheat 

4,27,38 
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Page Number 
161 


162 


163 


164 


165 

166 


Location 

3 

S. Dakota ITS 


Plot (Date) 

Class 

Field (or Run) Numbers 

Maturity Stage (WW) 

10/15/75 

176,208,210,196,‘212,198 


* * 

175,172,182,128 


11/5/75 

176,208,210,196,212,198 

175,172,182,128 


5/11/76 

176,208,210,196,212,198 

175,172,182,128 


6 / 19/16 

176,208,210,196,212,198 



175,172,182,128 


7/8/76 

176,208,210,196,212,198 

175,172,182,128 


7/31/76 

176,208,210,196,212,198 



175,172,182,128 

Maturity Stage (SW) 

5/11/76 

284,197,209,132 


6/19/76 

284,197,209,132 


7/8/76 

284,197,209,132 


7/31/76 

284,197,209,132 

Between Fields (WW, 5/ 11/76) 

Field 176 

176 


Field 208 

208 


Field 210 

210 


Field 128 

128 


Field 175 

175 

Between Fields (WW, 6/ 19/76) 

Field 176 

176 


Field 208 

208 


Field 210 

210 


Field 128 

128 


Field 175 

175 

Between Fields (SW, 6/ 19/76) 

Field 284 

284 


Field 197 

197 


Field 209 

209 


Field 132 

132 

Between Fields (SW, 7/8/ 76) 

Field 284 

284 


Field 197 

197 


Field 209 

209 


Field 132 

132 


3 


South Dakota data are from ITS - 1687 



Page Number Location Plot (Date) 

167 S. Dakota ITS Within Fields (WW, 5/ U/76) 


168 Within Fields(WW,6/19/76) 


169 Within Fields (WW, 7/8/76) 


VO 

o\ 


170 


171 





Within Fields(SW,5/ll/76) 


Within Fields (SW, 6/19/76) 


Within Fields (SW, 7/8/76) 


Wheat , Other (76) 


Class 

Field (or Run) Numbers 

Scan 1 

(76833003) 

Scan 2 

(76833005) 

Scan 3 

(76833007) 

Scan 4 

(76833009) 

Scan 5 

(76833011) 

Scan 1 

(76848203) 

Scan 2 

(76848206) 

Scan 3 

(76848209) 

Scan 4 

(76848212) 

Scan 5 

(76848215) 

Scan 1 

(76943603) 

Scan 2 

(76943606) 

Scan 3 

(76943609) 

Scan 4 

(76943612) 

Scan 5 

(76943616) 

Scan 1 

(76832903) 

Scan 2 

(76832906) 

Scan 3 

(76832909) 

Scan 4 

(76832913) 

Scan 5 

(76832916) 

Scan 1 

(76848104) 

Scan 2 

(76848107) 

Scan 3 

(76848110) 

Scan 4 

(76848118) 

Scan 5 

(76848124) 

Scan 1 

(76943503) 

Scan 2 

(76943507) 

Scan 3 

(76943511) 

Scan 4 

(76943515) 

Scan 5 

(76943521) 

Winter Wheat 

176,208,210,196,212,198 

175,172,182,128 

Spring Wheat 

284,197,209,132 

Corn 

136,232 

Fallow 

177,283,207,223,197 

Alfalfa 

171,174 

Grasses 

235,221,211,131 


NASA-JSC 



